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PREFACE 
The purpose of this manual is to provide, in a single volume, a source, of information and 
guidelines dealing with quality assurance requirements necessary for the productioh, assem­
bly, and checkout of a spacecraft to be sterilized by heating in accordance with current NAdA 
sterilization requirements. The manual is based on work performed by General Electric 
under the present and previous contracts as well as on- the NASA MSFC publication SR-QUAL­
64-13, but extensive use has also been made of many other available sources. In such cases, 
a careful attempt has been made to give appropriate credit and to identify the references. 
No claim for completeness is made. As a matter of fact, the editors are acutely aware of 
numerous gaps and deficiencies caused by the limitations of their contract and by the state 
of flux which currently exists in the planetary exploration program and its sterilization 
requirement implementation and definition. 
This manual is not intended for use by itself, but rather as a supplement to a quality assur­
ance manual for the class of spacecraft under consideration. SR-QUAL-64-13 is an example 
of such a manual. This manual extends the usefulness of general quality assurance manuals 
to planetary and other spacecraft which must be rendered sterile or require other biological 
burden control. Thus, it should enable experienced quality assurance personnel to partici­
pate in aplanetary program by providing a convenient reference volume. 
i 
In keeping with the above philosophy, quality provisions and guidelines which are considered 
common pacecraft practice will not be included, but may be excerpted or referenced where 
desirable for more complete understanding. 
An attemlt has been made to include a certain amount of background data on planetary quar­
antine requirements and microbiology to give .cuality assurance oriented personnel an 
appreciation of the problems encountered by personnel outside their area of specialization. 
Svch information is provided in Section 1. This section also covers training programs, 
11"
 
mathematicfl models, and data bank requirements. Section 2 covers the major elements of 
a Quality Assurance plan required for a sterilizeq' spacecraft program. Receiving Inspec­
tion is discussed in Section 3. Fabrication, subsystem and final assembly are covered in 
Section 4. The above represent functions which are part of any nonsterilizable spacecraft 
quality program. In this manual, however, emphasis is placed on the special quality 
assurance aspects which are required [or sterilization, biological monitoring, and related 
planetary quarantine items. - For this reason, conventional quality assurance guidelines ard 
touched upon only briefly because they are available from sources such as SR-QUAL-64-13 
and other related documents. Sdction 5 covers an area which is unique for spacecraft to bd 
sterilized. It covers decontamination and terminal sterilization requirements. Microbiolo­
gical procedures are discussed in detail in Section 6 and include special facilities require­
ments. Applicable NASA specifications are either referenced or excerpted for greater 
convenience throughout this manual. 
The rapid pace of progress in -the field of bioclean manufacture, assembly and checkout for 
spacecraft, results in the necessity to include material in this Manual which may be of 
temporary nature only. This has not ruled out the inclusionof such material because a 
volume o' guidelines must strive to cover all aspects of a problem, even 'though some 
approaches and guidelines are temporary. For this reason, users are encouraged to send 
comments for updating, corrections, and other suggestions concerning this Manual to: 
Mr. M. F. Pickard Code R-QUAL-AA 
George C. Marshall Space Flight Center 
National Aeronautics and Space Admiffistration 
Huntsville, Alabama 35812 
This Manuhl was prepared by the Space Systems Organization of the General Electric 
Company.for the George C. Marshall Space Flight Center of the Naional Aeronautics and 
Space Administration in partial fulfillment of Contract NAS 8-21139. The Contracting 
Officer's Representative was Mr. M.F. Pickard. 
iv 
A manual, such as this, is based on the contribution of many sources and individuals. The 
major contributors who aided in the preparation of this volume were N. W. Behringer, 
M. Hammer, M.G. Koesterer, R. J. Kepple, R. Pellicotti, M.R. Stahier and J. St. Leger. 
The undersigned acted as principal contributors and editors, ably assisted by R. G. Wadell. 
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King of Prussia, Pa.
 
December 1968
 
v/vi 
TABLE OF CONTENTS
 
Section Page 
1. INTRODUCTION.. ....... . . 1-1
 
1.1 Summary . .. . i-i 
1.2 General Background. ... ......... 1-3
 
1.3 Planetary Quarantine .... ... 1-5
 
1.3.1 Policy . . ... . . . 1-5
 
1.3.2 Requirements ... 1-6
 
1.3.3 Planetary Quarantine Mathematical Model 1-8
 
1.4 Training Programs . ............ 1-13
 
1.4.1 Introduction ............ 1-13
 
1.4.2 Responsibilities ......... 1-13
 
1.4.3 Training Aids 1,, 1-17
 
1.5 Data Bank . ............... 1-23
 
1.6 References. ............... 1-26
 
2 QUALITY ASSURANCE PLAN ........... 2-I
 
2.1 Introduction ............... 2-1
 
2.2 Responsibilities.. . ... ......... 2-1
 
2.3 Quality Assurance Plan Outline ......... 2-2
 
2.3.1 Organization . . 2-9.........
 
2.3.2 Organizational Relations ........ 2-11
 
2.4 Receiving Inspection. ............. 2-12
 
2. 5 Fabrication and Assembly . ......... .. 2-12
 
2.6 Test and Checkout ........ ...... 2-12
 
2.7 Packaging...... . . .. . .. . 2-12
 
2.8 Spacecraft Biblogical Contafmntnation Model ..... 2-13
 
2.9 Training Programs . . 2-20
 
2.10 Data System " . . 2-20
 
2.10.1 General. .. ........ 2-20
 
2.10.2 Data Reporting Docimentation ...... 2-22
 
2.10.3 Organization ............. 2-23
 
2.10.4 Accumulation and Retrieval ....... 2-23
 
2.10.5 Design and Development ........ 2-24
 
2.10.6 Quality Status Reports . ........ 2-24
 
2.10.7 End Item Reports. .......... 2-24
 
2.10.8 Records. .............. 2-27
 
2.11 Audits and Corrective Action. ......... 2-27
 
2.11.1 Trends ,... ............ 2-28
 
2.11.2 Failure Analysis . .......... 2-28
 
2.11.3 Failure Analysis Review ........ 2-29
 
2.11.4 Subcontractors/Suppliers .. 2-30
 
vii 
TABLE OF CONTENTS (Cont'd)
 
Section 	 Page 
2.12 Quality Assurance Audits ...........	 2-32
 
2.12.1 	 General . ............. 2-32
 
2.12.2 	 Audit Plan ............. 2-32
 
2.12.3 	 Accomplishment of Audit Plan ...... 2-33
 
2.12.4 	 Contamination Violation and Contamination
 
Review Board ...... ...... 2-33
 
2,12.5 Material Review Board. ......... 2-35
 
2.12.6 	 Definitions... . . ... . ..... 2-36
 
2.13 General Guidelines ... ........	 2-37
 
2.14 References 	 2-40
 
3 RECEIVING INSPECTION. ............	 3-1
 
3.1 Introduction .......	 3-1
 
3.2 Genera] Objectives . ,... ........ . 3-1
 
3.3 General Requirements ............	 3-2
 
3.4 Planning and Scheduling. . ......... 	 3-4
 
3. 5 Receiving Inspection Equipment . ........	 3-6
 
3.6 Facilities ................	 3-6
 
3. 7 Data and Report Requirements .......... 	 3-7
 
3.7.1 	 Test Data ............. 3-8
 
3.7.2 	 Inspection Data...... .... . . 3-9
 
3.8 Receiving Inspection Operations .. ......	 3-9
 
3.8.1 	 Identification ..........
" 	 3-10 
3.8.2 	 Visual Analyses . ..... ... 3-10
 
3.8.3 	 Dimensional Analyses ......... 3-11
 
3.8.4 	 Nondestructive Testing. ...... . .3-12
 
3.8.5 	 Physical or Chemical Property Analysis 3-13
 
3.8.6 	 Sterility and Contamination Analysis . 3-13
 
3.8.7 	 Destructive Testing..... . . ..... 3-14
 
3.8.8 	 Electrical Parts Analyses. .... .. .. 3-15
 
3.8.9 	 Mechanical Parts Analyses ....... 3-15
 
3.8.10 	 Control of Documentation . ....... 3-16
 
3.9 References................ 	 3-17
 
4 ASSEMBLY AND CHECKOUT. ...........	 4-1
 
4. 1 Introduction ...............	 4-1
 
4. 2 General Objectives .............	 4-2
 
4.3 Guidelines .. ........... 	 4-4
 
4. 4 Recommended Procedures. ..........	 4-6
 
viii 
TABLE OF CONTENTS (Cont"c
 
Section Page 
4.4.1 Pneumatic and Hydraulic Systems ..... 4-6
 
4.4.2 Electromechahical Equipment ..... .4-10
 
4.4.3 Electrical Systems ..... .......... 4110
 
4.4.4- Mechanical Systems ... ......... 4-10
 
4.4.5 Final Assemjly ..... ...... .4-11
 
4.4.6 Documentation.. ... ........... 4-12
 
4.5 Facilities.. ....... ... ............. 4-13
 
4.5.1 Classes of Clean Rooms .... ........ 4-14
 
4.5.2 Monitoring Techniques .. ........ .4-21
 
4.5.3 Sterility Indicators ... .......... .4-28
 
4.5.4 Facility Maintenance ... . ....... 4-29
 
,1.5.5 Glossary. ............. 4-30
 
4.6 Personnel Procedures, I ......... .... 4-31
 
4. (;.I Personnel Monitoring .. ......... 4-35
 
4. (.2 Personnei'SclecLion ... .......... 4-36
 
4.6.3 Protective Garments .. ......... 4-37
 
4.7 Packaging ..... .. ........... .42
 
4.,4 References .......... ... ....... .4-52
 
5, DECONTAMINATION AND THERMINAL STERILIZATION 5-1
 
5.1 Introduction . ..... ....... 5-1
 
5.2 General Guidelines ...... ........... 5-2
 
5.3 General Objectives ..... ............. 5-3
 
5.4 General Requirements .... ............ 5-3
 
5.5 Planning and SchecduIling ........... . 1. 5-5
 
5.6 Terminal Sterilization . .................... . 5-6
 
5.6. I Sterilization Plan ........... 5-I6
 
5.6.2 Partial Checklist . . ......... 5-7
 
5.6.3 Verification of Sterility .... ..... 5-8
 
5.7 Sterilization Canister ........ ....... 5-8
 
5,8 Sterile In sertion............. 5-9
 
5.9 Decontam ination....... . . . . .. 5-10
 
5.10 References ...... .. . ......... 5-12
 
6 MICROBIOLOGICAL PROCEDURES CONTROL . ..... 6-1
 
6.1 Introduction ..... .... .. 6-1
 
6.2 Scope. ..... ............ 6-1
 
ix 
TABLE OF CONTENTS (Cont'd)
 
Section 	 Pag 
6.3 General Guidelines ... .......... 	 ... 6-1
 
6.4 Planning and Scheduling Microbiological Assays . . 6-3
 
6.5 General Objectives .	 6-4
 
6.6 General Requirements . . ..........	 6-4
 
6.7 Microbiological Control Procedures .......	 6-5
 
6.7.1 	 General .. ......... ...... 6-5
 
6.7.2 	 Title Page . ............. 6-5
 
6.7.3 	 Table of Contents......... . . . 6-6
 
6.7.4 	 Introduction . . . ......... 6-6
 
6.7.5 	 Applicable Documents . ........ 6-6.
 
6.7.6 	 Objectives .... ......... 6-6
 
6.7.7 	 Equipment and Materials ...... ..... 6-7
 
6.7. 8 Schematics or Material Composition/Charac­
teristics Information . ........ 6-7
 
6.7.9 	 Flow Charts ........... 6-7
 
6.7.10 	 Operations . . ........... 6-7
 
6.7.11 	 Documentation. ........... 6-7
 
6.7.12 	 Data Recording ...... ...... 6-7
 
6.7.13 	 Unscheduled Event Report.. ....... 6-8
 
6.7.14 	 Corrective Action Report . ....... 6-8
 
6.8 Microbiological Assay Team, Facilities and Equipment 6-8
 
6.8.1 	 Assay Team ............ 6-8
 
6.8.2 	 Facility . . ..... ...... . . 6-8
 
6.8.3 	 Microbiology Laboratory Equipment and
 
Supplies . 6-11
 
6.9 Microbiological Sampling Plan .........	 6-15
 
6.9.1 Sampling Techniques ......... 6-15
 
6.9.2, Numbers of Samples. .- . ... 6-21
 
6.9.3 	 Sampling Frequency. . . ... 6-23
 
6.9.4 	 Types of Microorganisms to'beAssayed 6-2S 
Q.10 Certification ................ 	 6-24
 
6.10.1 Requirement ............ 6-24
 
6,10.2 Certification Plan .......... 6-24
 
6.11 Receiving Inspection of Microbiological Materials. . 6-40
 
6.11.1 	 Identification...... . . . .. 6-40
 
6.11.2 Visual Analysis_.__.. . . . . . .. 6-41
 
6.11.3- Physical and Chemical Properties Analysis .. 6-42
 
6.11.4 	 Microbiological Analysis . ........ 6-42
 
6.12 Data and Report Requirements... ..... . . 6-43
 
6.12.1 	 Objective. ........ . ... 6-43
 
6.12.2 	 Requirements . ........... .. 6-43
 
6.12.3 	 Data Categories ............ 6-44
 
6.12.4 	 Data Coding ............ 6-75
 
APPENDIX A. TYPICAL DATA SHEETS .... .. . . . .... A-I 
x 
LIST OF ILLUSTRATIONS 
Figuree 
2-1 Typical Quality Work Elements 24........
 
2-2 Typical Make-or-Buy Sequence for the Procurement, Fabrication
 
and Sterilization of Aerospace Hardware . ........ 2-5
 
2-3 General Quality Assurance Documentation Flow .... ..... 2-4
 
2-4 Mathematical Model Flow Chart. ......... .... 2-17
 
2-5 Receiving Inspection and Test.Data ;Flow .•.. . ... . ... 2-25
 
2-6 Parts Laboratory Flow . . .. ....... ..2- 6
 
2-7 Failure Analysis Review Board Operation . ..... . . 2-31
 
2-8 Information Flow Plan of Quality Afditing Program ...... 2-34
 
3-1 Receiving Inspection Flow Chart. . ........... 3-5
 
4-1 Typical Hardware Flow Plan .... ....... .... 4-3
 
4-2 Bioclean Assembly and Tools ...... ............ 4-20
 
4-3 Bioclean Assembly .. . ............... 4-20
 
4-4 Instruments for Monitoring Contaminants. ......... 4-27
 
4-5 Special Packages . ................. 4-47
 
6-1 Flow Chart for Swab Microbiological Assay ... ........ 6-17
 
6-2 Flow Chart for Direct Agar Contact.Plate .•.. ....... 6-17
 
6-3 Flow Chart for Component Microbiological Assay'on Stainless Steel
 
Test Strip . . . . . . 6-18
 
6-4 Flow Chart for Long Term Slit Air Sampler . ........ 6-21
 
6-5 Flow Chart Cascade-Sieve Air Samplers.. . .. . ..... '6-22
 
6-6 Figure Showing Orientation of Air Samplers . ........ 6-23
 
A-I Andersen Sampler Data Sheet ... ........... ... A-1
 
A-2 Andersen Sampler Data Sheet . ............ . .. . A-2
 
A-3 Fallout Plates - Data Sheet . .. , A-3
 
A-4 Reyniers Sampler - Data Sheet . . . ..... ... A-4
 
A-5 Rodac Plate Samples of Environmental. Surfaces Data Sheet. . . . A-5
 
A-6 Stainless Steel Strip Sampling Data Shet . ... ... .... A-6
 
A-7 Swab Sample Data Sheet... A-T
 
A-8 Intermittent Volumetric Intramural Air Sample - .Reyniers Sampler A-8
 
A-9 Gravimetric Air Sample - Agar Fallout Plates ........ A-i0
 
A-10 Sequential.Volumetric Intramural Air Sample - Reyniers Sampler A-12
 
A-11 Rodac Plate Sampling-of Environmental -Surfaces... . A-13
 
A-12 Stainless Steel Strip Sampling - Environmental ..... ... A-15
 
A-13 Stainless Steel Strip Sampling ............. . ... A-18
 
A-14 Swab Rinse Samples of Surfaces........ . . . .. ....... ... A-21
 
A-15 Flow Chart for Data Reduction .. ........... A-23
 
xi/xii 
LIST OF TABLES 
Table Page 
1-1 Typical Sterilization Cycles .. . ......... 1-4
 
1-2 Partial List of Training Courses .. 1-18
 
1-3 Partial Listing of Films. . . . . ... 1-20
 
1-4 ParLial Listing of Bibliographies.,. . 1-22
 
4-I Guidelines for Achieving Clean Room Classes .. 4-15
 
4-2 Guidelines for Achieving Bioclean Room Classes. ..... 4-17
 
4-3 Certification of Final Assembly Facilities . ....... 4-19
 
4-4 Airborne Contamination Monitoring . ......... 4-23
 
4-5 Monitoring Techniques for Hardware Flow. ....... 4-25
 
4-6 Example of JPL EASL Facility Procedures ....... 4-32
 
4-7 Rules of Conduct Within a Bioclean Facility ....... 4-34
 
4-8 Suggested Guidelines for the Selection of Plastic Film
 
Materials for Packing ........... ...... 4-45
 
6-1" Microbiological Laboratory Material and Equipment
 
Requirements ...... ........... 6-12
 
6-2 Required Microbiological Laboratory Supplies.. . .. 6-15
 
6-3 Summary of Reports on the Efficiency of Microbial Sampling
 
Techniques with Comments on Known Limitations. .... 6-19
 
-d i iv 
SECTION 1 
INTRODUCTION 
1.1 Summary

1.2 General Background
 
1.3 Planetary Quarantine
 
1.4 Training Programs
 
1.5 Data Bank
 
1.6 References
 
SECTION 1
 
INTRODUCTION
 
1.1 SUMMARY 
The purpose of this manual is to provide a convenient reference handbook for quality assur­
ance personnel who are engaged in a program requiring planetary quarantine or other 
biological burden control. This manual is not intended to be used by itself, but in conjunc­
tion with the "Biological Handbook for Engineers" (Ref. 1-1) and the appropriate quality 
assurance guidelines for the class of spacecraft under consideration. The significant new 
requirements are those introduced by microbiological considerations. Reference 1-1 
provides a convenient source for information and reference on microbiological and related 
background data intended for engineers. The intent here is not to replace training courses 
for engineering and quality assurance personnel preparatory to their engaging in planetary 
quarantine related work, but rather to provide a source book. 
Trainiig courses are necessary for all personnel required to work on a planetary quaran­
tine sub jectd spacecraft program. Such cpurse. may range from a brief indoctrination 
leeturefor peripheral personnel to a week-long c'ourse for cognizant senior personnel. 
These are covered and discussed in other parts of this section. 
The current emphasis on economic solution of sterilization related activity places the 
quality assurance engineer in a unique position with respect to achieving such solution on 
a biologically acceptable spacecraft. Because most of the additional manpower require­
ments are'due to microbiological as well as particulate contamination control, assay and 
surveillance constraints, this represents an area of potential economic optimization. The 
quality assui'ance team in conjunction with the microbiologists and the sterility control 
group can perform a real service by recommending elimination of unnecessary or ineffec­
tual practices, procedures and facilities. In this context, the work of the microbiology 
team can be considered a quality assurance and monitoring function performed by specially 
trained apd specially certified personnel. In fact,,. microbiology laboratories and personnel; 
must be certified according to NASA "Standards. #equirements for such microbiology 
activities and laboratories are discussed'in Sectioh 6. 
In order to utilize effectively a body of data based on microbiological assays, in-process 
inspection, facility certification, personnel qualification, nonconformance reports, etc., 
an "inst4nt recall" system is necessary. Such a system, within the constraints of plane­
tary quarantine requirements, consists of a data bank and an associated microbiological 
contamination prediction model. Such a system provides not only traceability for sources 
of problqms, but also provides a reservoir of data for microbial load prediction. Because 
this requirement is unique for spacecraft systems requiring sterilization, it is covered in 
some detail in this section. 
Other sebtions deal -with "General Background" information,. "Planetary Quarantine" and 
related material. 
Paraphrasing some of the Voyager Project definitions of Quality Assurance functions in a 
planetary program this excerpt summarizes these functions. 
Monitoring and control procedures will be established in the sterilization
 
plans'so as to ensure that all event compromising the quarantine- constraints
 
will b'e identified, documented and corrected insofar as is feasible.
 
Quality Assurance organizations, in cooperation with the cognizant Project 
Systei, and cognizant NASA representatives will assure that effective control 
is exeircised by the Capsule, Contractors in complying with the quarantine 
constraints. It is the responsibility of Quality Assurance as a member of 
this tetm to interface directly with and monitor the Contractor's-Qualityi 
Assurance effort so as to assure that all activities are proceeding 
properly and in accordance with approved specifications, procedures, and 
plans. 
1-2 
Quality Assurance, as defined above, will act in cooperation with the cognizant 
NASA representatives in monitoring the following activities/areas of the Capsule 
Contractor, pertinent to Planetary Quarantine: 
a. Facility Certification and Control 
b. Design Review 
c. Assembly, Inspection, and Test 
d. Material Control 
e. Assay 
f. Decontamination and Sterilization 
g Documentation 
The above activities will be covered in detail in the Quality Assurance Plan. 
Upon completion of terminal sterilization, the Quality Assurance Manager will 
certify to the Project Manager that the Lander Hardware has met quality assur­
ance requirements. 
1.2 GENERAL BACKGROUND 
Currently (September 1968), only dry heat has been accepted by NASA for the sterilization 
of spacecraft designed to enter planetary atmospheres. In order to achieve such heat 
sterilization, a range of time-temperature relations are being established, which, when 
satisfied, will provide assurance that the number'of viable microorganism on the space­
craft hag been reduced to an acceptable level. Table 1-1 shows typical sterilization cycles. 
The effectiveness of such a process presupposes that the number of viable microorganisms 
on the spacecraft before the heat sterilization treatment isbelow a certain level. It 
therefore :becomes necessary to perform all spacecraft manufacturing, assembly and 
checkout finctions in such a manner as to provide positive controls, measures and docu­
mentation to verify the microbiological burden levels before terminal sterilization. 
1-3 
Table 1-1. Typical Sterilization Cycles 
Temperature Sterilizatior! ) Value* 
0°C) 	 Time (hr) (hr) 
160 	 /3 0.21 
155 :4 0.31 
150 6 0.46 
145 9 0.73 
140 14 1.1 
135- 22 1.8 
130 34 2.8 
125 53 4.4 
120 84 7.0 
115 132 11.0 
110 210 17.5 
105 336 28.0 
*D-value is-an abbreviation for Decimal Reduction Time which is the time required, ata 
given temperature, to destroy 90% of a biological population. 
Sterility of the spacecraft as a result of the terminal sterilization process can be certified 
by inference only, since verification of the time and temperature and other parameters 
-during sudh a process requires adequate control and monitoring of such activities. The 
role 	of Quhlity Assurance in the carrying out of such activities through in-process analysis 
and 	inspection, tests, documentation, reports and procedures is self-evident. 
Although NASA Policy Directives (Ref. 1-2, 3) do not specify the methods of accomplishment 
of the biological burden on the spacecraft, current guidelines consider that: 
a. 	 Tc lander will be assembled in bioclean ropms at specified levels of assembly. 
b. 	 Th landing assembly will be subjected to aii approved sterilization procedure. 
c. 	 The landing assembly will be enclosed in a bqcteriological barrier to maintain 
cleanliness and sterility. After sterilization, the enclosure will not be opened 
within any portion of the earth's atmosphere which might recontaminate the 
landing assembly. 
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The last item may be modified by NASA in the future to permit insertion of otherwise 
steriliied items which could not withstand the temperatures applied to the lander during 
terminal sterilization. Propellants, and experiments currently are some items that fall !I 
in this category. Development work is currently sponsored by NASA to investigate sterile 
assembly and sterile insertion (Ref. 1-4, 1-5).' However, until specifically permitted by 
NASA, the above techniques shall be considered as developmental, only. 'Reference 1-6 
presents a philosophical discussion of planetary quarantine and sterilization requirements 
from the near past to the present and summarizes current NASA thinking. 
Referdnce 1-7, while not professing to represcht current NASA policy or thinking, repre­
sents an excellent summary of the current state of the art in sterilization. 
1.3 PLANETARY QUARANTINE 
1. 3.1 jPOLICY 
By international agreement it has been decided to take all necessary steps to prevent the 
contamination of the planets with viable earth orfanisms. On December 19, 1966, the 
United 'Nations General Assembly unanimously adopted a "Treaty on Principles Governing 
the Activities of States in the Exploration and U4 of Outer Space, Including the Moon and' 
other Celestial Bodies. ' Article IX of that treat states that" ... shall pursue studies of 
outer space including the moon and other celestial bodies, and conduct exploration of 'them 
so as to avoid their harmful contamination..." NASA has issued policy directives which 
govern United States actions with respect to planetary contamination. 
NASA Policy Directive NPD 8020. 7 (Ref. 1-2) deals with the basic policy and responsibilities 
for implementation of NASA requirements for certification of the biological loading on out­
bound spacecraft. NASA Policy Directive NPD 8020. 10 (Ref. 1-3) deals more specifically 
with biological contamination control of outbound planetary spacecraft. 
t-5 
The mer N(ic of thvt lunch of a planiLy spacocraft from earth implies the acceptance of 
a chance, no matter how small, for planetary contamination. Many attempts have been 
made to specify this chance numerically. In 1964, COSPAR adopted a resolution which 
accepted the interim objectives of the probability that a single viable organism remaining 
on a planetary landing spacecraft is less than 10-4 and the probability limit for accidental 
-5
impact by nonsterilized flyby or orbiting spacecraft is3 x10 or less. 
At the 1966 COSPAR meeting, a proposal was made by the United States delegation to change 
-
these limits to a 10 3 probability of contamination during the period of planetary explora­
tion. The specific breakdown between probabilities of contamination for lander and orbiter 
is to be resolved by system design in each individual case. This resolution is currently 
under advisement by COSPAR. References 1-6 and 1-7 discuss this in detail. At the 1967 
COSPAR meeting, these allocations were again discussed (Ref. 1-12). 
NASA Policy Directive NPD 8020. 10 (Ref. 1-3) states that the probability of 1 x 10-a for 
planetary contamination shall be used as the guiding criterion. This became effective 
September 6, 1967, and represents current NASA Policy. In order to implement this policy, 
a mathematical model has been developed, which defines the basic formula for evaluating 
the planetary contamination probability by a landing spacecraft. The elaboration of the 
formula and the definitions involved are presented in Ref. 1-1. 
1.3.2 RBQUIREMENTS 
NASA has assued Standards for Clean Rooms and Work Stations for .the Microbially Con-
L , 
trolled Enironment (Ref. 1-8) which define the onVironmental controls to be used in the 
fabrication test and launch environment of spacectiaft subject to planetary quarantine and 
a section oh Operational Guidelines which specifies the requirements for the dress and 
behavior ofipersonnel in such facilities. This document supplements the Design Criteria 
and Construction Standards (Ref. 1-9) with respect to the design and construction of clean 
rooms and work stations for the microbially controlled environment. 
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In August 1967, NASA published the "NASA Standard Procedures for the Microbiological 
Examination of Space Hardware" (Ref. 1-10). It specifies methods, procedures and 
equipment to be used for the microbiological examination of spacecraft hardware and re­
lated items. 
NASA has issued a basic policy document, (Ref. 1-2) as well as a specific policy document 
(Ref. 1-3) which relate the policy, responsibility and certification of the biological loading 
on outbound planetary spacec raft. 
Although only dry heat has been approved by 1NASA for the sterilization of planetary landers, 
radiation and gaseous sterilization may be used for sterilization of heat-sensitive items 
and for sterile repair and insertion if specific and individual authorizations are obtained 
from the Planetary Quarantine Officer. The'12 heat cycles listed in Table 1-1, are exam­
ples of typical-requirements. The D values shown in the table are based on heterogeneous 
mesophilic bacterial spores in soil. The specified cycles will reduce the bacterial popula­
tion lIy 12 decades; i.e., from 108 to 10-C and are shown for example only. Work is in 
progress to specify D values for spores located in buried, mated, or surface regions. 
The following are conservative values that must be used until further data becomes avail­
able. 
D1)1250 (buried) 5. 0 hours 
D (Mated) 0.3 - 4.4 hours -(depending on moisture imperviousness) 
D I (surface) = Q.3 hour (in 40% H. H. equivalent) 
125C 
*Z (buried) - 20.70C 
Z (mated) = 20.7°C 
0 
Z (surface) 20.7 C 
Z-valu6 is the change in temperature required to produce a factor of 10 change in a 
given D-va lue. 
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Work performed recently has shown that the bioclean assembly of planetary spacecraft in 
laminar flow clean rooms results in far lower contamination levels than 10 8 , with some 
5
reported estimates as low as 10 . Work performed onthis contract has indicated that 
local protection of spacecraft hardware, when handledhin non-cleanroom areas, can result 
in contamination levels in the 106 range (Ref. 1-l17). bther investigations have noted similar 
results. The design of terminal sterilization cycles will be based on the estimated number 
of heat resistant organisms known to be on the planetary lander. The sterilization effect 
of the heatup and cooldown, as well as location,, will be used in designing heating cyqles. 
Decontamination, i.e., a reduction in microbial population without complete sterilization, 
may be achieved either by a shortened heat cycle-or by the ethylene oxide (ETO) treatment. 
Development pf an ETO decontamination treatment is currently in a state of flux. It is 
recommendei that the latest NASA approved procedure be obtained before use. 
1. 33 PLANETARY QUARANTINE MATHEMATICAL MODEL
 
Planetary Quarantine utilizes mathematical models to establish the interrelationship of the
 
principal parameters contributing to the probability that a planet will be contaminated. To'
 
illustrate tijis, the following basic formulas excerpted from Reference 1-1 are provided.
 
The basic formulas for planetary contamination is given by Equation 1-1, which defines 
contamination probabilities for landing and nonlanding missions. Equations 1-2 through 1-4 
expand and detail the factos of Equation 1-1. 
P = NP(N) + N'P(N') (l$ 
Equation 2-1 is an approximation of sdtndard probability relationships based on the fact that 
in the prysent context, PC is much les's than unity apd that, necessarily, P(N), P(1') are 
smaller than P . Also, as noted in the definitions, probabilities of contamination due to a 
C 
flight ve icle are averages for the category of vehicles under consideration. 
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The 	complexity of planetary landing vehicles may' lead to a distinction between contamina­
tion located in different regions of the spaceocraft, oach requiring separate consideration 
-of the events contributing to the total probability of contamination by the lander. A suitable 
framework for this purpose is provided by Equation 1-2, provided the probability of landing 
is taken as unity. 
P(N) = r. r(h) • P(r)- P(g)j 	 (1-2) 
j=j
 
It may be assumed that contamination is segregated into three categories: 
a. 	 Buried. or internal to material to materials and components (to be denoted by 
the subscript b) 
b. 	 Occluded between mating surfaces (to be denoted by the subscript m) 
c. I Contamination on open. surfaces (to be denoted by the subscript s) 
Three independent contamination events would thus be considered corresponding to the 
above. ,Equation 1-2 can then be expressed explicitly as 
P(h) = P(n-l)b P(r)b P(g)b 	 (1-3) 
" P(n- l)m P(r)m P(g)m 
- P(n L)s "P(r)s P(g)s 
Thus. P(/h) is. in each case the probability of a v!able organism remaining after steriliza­
tion in-the three regions considered. Different probabilities of release from buried, mated, 
and surface contamination are possible in this formulation and, if appropriate, a similar 
distinction can be made for probabilities of growth and spreading. 
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For the case of unsterilized vehicles, including that of fly-by missions, planetary contami­
nation ma.y be due to a number of contamination sources. P(N') may be evaluated from 
i=k 
P(N') = P(h') - P(r') Pig') (1-4) 
where k is the total number of i indepondcntcontamination sources. (Sources which are not 
independent wouldII be viewed as jointly constituting a single source.) 
The most difficult part of the task of defining input parameters, is the selection of quantita­
tive values, since many of these are based on inference, estimates or sometime just 
educated guessing. Continuing research and flight vehicle data have been increasing the 
amount of factual information available. For this reason, there will be continuing updating 
and revision of such parameters. Currently, the following parameters values are recom­
mended for use with the above equations. 
P 
PC l xlO " 
c 
N 1= 50 
P(r) = to be established for each 1 source 
-3 
= ix = =-P gnP(g) = x 10 () P(g) = P(g)s " 
N' =50 
P(h') to be established for each i soure. 
P(r') . to be established for each i source 
1 x 10- 3 P(g') 
The spacecraft sterilization requirement shall be based on the value of P(n! 1). The alloca­
tion of probability of contamination to the 1973 mission shall be less than 1 x 10- 5 , 
-3P for both steilized and unsterilized vehicles shall be 1 x 10 
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DEFINITIONS AND-NOMENC LATURE
 
FOR PLANETARY QUARANTINE MODELS
 
T Time period of unmanned biological exploration (years) during which contamina­
tion is to be prevented. 
P Probability that, during the time period T, the planet und6r consideration willbe contaminated so as to constitute asignificantdetriment to the Intended 
program of biological exploration. 
N Number of vehicles intended to land or impact on the planet during the time­
period T. 
*P(N) Average probability that any one of the N landing vehicles will cause planetary 
contamination. 
N' 	 Number of vehicles in the planetary exploration program which are not intended 
to land on the planet during the time-period T. This category of flight vehicles 
include orbiters, flyby missions, and the carriers of landing vehicles. 
P(N), 	 Average probability that any one of the N'nonlanding vehicles will cause planetary 
contamination. 
n 	 Number of viable microorganisms present. 
no 	 Initial population of viable microorganisms, e. g., at initiation of the sterilization 
process.
 
P(n 1) Probability that one or more or exactly one viable microorganism will be present. 
P(n7i) 
h 	 Transfer of viable microorganisms to the planet so as to create a contamination 
hazard. Note: this is a generalized symbol for all contamination events to be 
considered for a flight vehicle, each etent requiring assessment of probabilities 
of release, growth, and spreading. > 
P(h) 	 Probability that the event h will occur. 
r 	 Release onto the planet surface or into its atmosphere, organisms which have 
survived sterilization, given that they have been transferred to the planet. 
P(r) 	 Probability that the event r will occur. Note: P(r) is the conditional probability 
or release, given that the event h has occurred. 
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DEFINITIONS AND NOMENCLATUR E 
FOR PLANETARY QUARANTINE MODELS (Cont) 
t 
r' Release onto the planet surface or into its atmosphere, organism(s) not subjected 
to sterilization, given that they havebeen transferred to the planet. 
P(r') Probability that the event r' will occur. Note: P(r) is the conditional probability 
of release, given that the event h' has occurred. 
g 'Growth and spreading on the planet surface or into its atmosphere of terrestrial 
microorganisms which survived a sterilization process, given that events h and r 
,have occurred. 
P(g) Probability that the event g will occur. Note: P(g) is the conditional probability 
of growth and spreading, given that events h and r have occurred. 
g; Growth and spreading on the planet surface or in its atmosphere of terrestrial 
microorganisms which had not been subjected to sterilization, given that events 
h' and r' have occurred. 
P(g:) Probability that the event g' will occur. Note: P(g') is a conditional probability 
of growth and spreading, given that events h' and r' have occurred. 
1-12 
1.4 -TRAINING PROGRAMS 
1.4.1 INTRODUCTION 
The basically different background of physical sciences oriented personnel in relation to 
the life-sciences requirements of the planetary quarantine and sterilization programs, 
requires personnel training and orientation to assure the success of such programs. Such 
training is particularly desirable for quality assurance personnel. because of their sur­
veillance and audit functions of microbiological and related procedures. As a rule, the 
following types of personnel should be required to attend a training course before starting 
work on a planetary spacecraft to be sterilized by heating in accordance with NASA require­
ments. 
a. Senior engineering personnel 
'b. Program office personnel 
c. Design engineers 
*d. Quality assurance personnel 
e. Checkout and test engineers 
f. Assembly and test technicians 
In ge!eral. all personnel who will come in physical contact with the spacecraft or any of its 
subsystems must. as a minimum receive an orientation lecture. Although the degree of 
training and the selection of personnel required;to take such training rests with the progran 
office and planetary quarantine officer, this section of this manual will outline the responsi­
bilities of the quality assurance organization with respect to such training programs. 
1.4.2 'RESPONSIBILITIES 
Quality assurance participation in planetary quarantine and sterilization related training 
program is three-fold. as follows: 
1-13 
a. 	 Administration of training programs in conjunction with the planetary quarantine 
officer, microbiologist, engineering and other functions 
b. 	 Certification and recertification (as well as decertification) of personnel requiring 
,access to flight hardware and vehicles 
c. 	 Participation in training courses as a prospective planetary program member 
These a6tivities will be discussed separately, 
1.4.2.1 Training Program Administration 
The need for a continuous and comprehensive training program for personnel engaged in a 
planetary spacecraft program is consistent with planetary quarantine requirements. 
Although the administration of such a series of programs can rest with one of several 
groups within the framework of a project organization, it will be assumed here that Quality 
Assurance has been assigned this function. This requires extenslve interface activities 
with other groups, since the following specialties must be represented in such a program 
as task leaders in lectures or discussions. 
a. 	 Microbiology e. Planetary Quarantine 
ib.Contamination Control f. 	 Quality AssuranceI 
c. 	 Project Engineering g. Design Engineering 
. Sterilization 	 h. Assembly, Test & Checkout 
1.4.2.2 'Certification 
Personnel who successfully complete the course oilecture series will have their names 
entered on a qualification list, which will also be a part of the -Data Bank. Thus, certifica7 
tion will be a requirement for access to flight hardware. The amount of training will be 
determined by the Planetary Quarantine Officer or his designated Sterility Control group. 
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Generaily, the amount of training is directly related to the probability of the individual's 
opportunity to compromise sterility of the spacebraft system. 
Decertification will be initiated when: 
a. 	 A person previously cert'ified leaves the. project for a period of time to be 
specified by the sterility control group 
b. 	 - A person has committed sterility orI contamination control violations, (subject, 
to definitions by sterility control group) 
c. 	 Procedures and/or policy change sufficiently to require retraining 
d. 	 Employment terminates 
Statistical approaches performed by industrial organizations have shown that "skill reten­
tion or problem awareness" does not maintain a constant level with respect to time. It is 
a humafn trait that routine procedures breed carelessness. 'For such reasons, recerti­
fication'of personnel is required. Although the periodicity of recertification requirements 
can vary with the type of personnel involved, a definite plan needs to be established. As a 
minimum, personnel need a review session monthly. Such review sessions can indicatei 
previously unknown or neglected,problem areas, point out errors or omissions and other­
wise serve as a feedback system. 
1.4.2.3 Training Courses 
The need for quality assurance personnel to participate in specialized training courses 
along with other project personnel is self-evident. The types of courses are: 
a. 	 QuIlity Assurance Management Courses 
b. 	 Planetary Quarantine and Sterility Control 
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A formal Quality Assurance Management indoctrination and training program needs to be 
established for personnel having a-direct bearing oh product quality. Such a program should 
center on the explanation and understanding of management controls that need to be imple­
mented torensure product quality. The course material should follow the traditional business 
cycle of aproduct:. 
a. Program Requirements and Integration 
b. Design and Development 
c. Procurement Control 
d. Manufacturing and Related Process Controls 
e. Testing Array and Equipment Calibration 
f. Assembly Manufacture .and Checkout 
g. Systems Acceptance and Field Interface 
h. Field Control and Information Feedback 
i. Nonconforming Materials, Control of 
j: Data Evaluation and Cost Analysis 
These courses should first be directed to those personnel within the Quality Assurance 
Operation having an immediate need. 'The course hould then permeate throughout the Quality 
Assurance Operation and allied operations, e.g., Engineering and Manufacturing. 
Ster lizaTIon orienceo naocTria;ion ana traming programs neea to Joe estaflusned tor 
personneljhaving responsibility in product quality or who will be in direct contact with prime 
hardware. The course material shall consist of the following: 
a. Planetary Quarantine Requirements 
Ib. Assembly. Test, Checkout, Sterilization Cycle of Spacecraft 
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c. Microbiological Contamination Control 
d. Microbiological Assay Procedures 
e. Documentation and Inspection Requirements­
f. Sterility Control Policies 
g. Control of Sterility Violations 
h. Personal habits and- Behavior in Work Areas 
Although the course material represents an outline rather than a rigid requirement, it indl-
Cates the subjects to be covered. As a minimum, all personnel entering microbial con­
tamination controlled work areas should be Cognizant of Items a and h. For QA personnel 
ihonitoring microbiological activity, additional training is required. 
in6 the case of visitors, reading of a summary sheet covering Items a and h and acknow­
ledgement by signature, appears adequate. 
1.4. TRAINING AIDS
 
1.4.3.1 Training Courses Available
 
Table 1-2 shows a partial list of training courses in microbiological contamination control,
 
suitable for engineers.
 
1.4.3.2 VisualAids
 
Table 13 shows a partial listing of films available that can serve as .an introduction in
 
microbilcogy, exobiology and spacecraft sterilization.
 
1.4.3.3 Publications 
'Sources of-background material for the field of microbiology-and spacecraft sterilization 
are provided in a number of bibliographies published under NASA sponsorship. A partial 
listing of these bibliographies is shown in Table 1-4. 
t 
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Table 1-2. Partial List of Training Courses 
Course 
Environmental 
Microbiology for 
Engineers 
Bio-Space Tdchnology 
Training Program 
Microbiological Analysis, 
Sterile Filtration and 
Clinical Techniques 
Audio-Tutorial 
Bacteriology" Course 
Clean Packaging 
Various special 
topics of Biological 
and Sterilization 
interest 
Contamination Cqntrol 
Sponsor 
NASA 
University of Minnesota 
NASA and University 
of Virginia 
Millipore Filter 
Corporation 
Kansas State Teachers 
College 
Clean Room Products, Inc. 
United States Public 
lHealth Service, 
Communicable Disease 
Center, Savannah, 
Georgia 
Specialty Training 
Division, Specialty 
Convection, Inc. 
Iength 
I 
Qne Week 
Two Weeks 
One Day 
Semester 
Oqe Day 
As recuired 
(from one 
day to two 
weeks) 
2 days to 
one wiek 
Frequency Location 
AF required Various Locations 
by NASA (by demand) 
and by do­
n."ind
 
Yearly, Wallops Islnd, 
usually Virginia 
during the 
summer 
Yearly Various -Iajor 
at given Cities 
location 
Emporia, 
Kansas 
By Request 	 Manufacturer's 
Plant or Farmingdale, 
N.Y.
 
On Demand 	 Savannah, Georgia 
On Demand 	 Monrovia California 
or at Manufacturer's 
Plant 
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Cost Content Summary 
No charg9 	 Directed primarily at Spacecraft 
Sterilization and Planetary 
Quarantine Problems. 
No charge 	 Known space environment, tira-
jectory and orbital considerations, 
performance summary anti usage 
of existing rocket booters,. 
biological data handling and 
instruments, introdtluction to 
latinch range lacilities fil(] biospace 
ilight Facilities. 
No charge Physical and chemical ohaian er-
ist ics oF filters, sterile fillration, 
Splrcparation and sterilization of 
equipment , filtration, sterilitv 
testing, microbiological 
analysis of 1120, and annlytieal 
microbial techniques 
- General and basic bacteriology. 
Complete guide to clean packaging, 
theoi), choice of materials, cleaning 
procedures, and state-of-the irt . 
No cla rpo WhNse cotiiscs cover a wide range 
of special topics and are adapted 
to inect iends of lie time and 
changes in the areas of interest 
to the National Welfare 
$180 Complete clean room discipline 
per course. Theory operations and 
person practice. 
Contact for 	Information 
Planetary Quarantine 
Officer, Code SB, NASA, 
Washington, D.C. 2054(i 
Director, Conference and 
Institute, University of 
Virginia, School of General 
Studies, P.O. Box 3697, 
Charlottesville, Virginia 
22903 
Millipore Filter Corp. 
ledford, Mass. 01736 
Ati: Sales Manager 
I)r. 'Fed E. 	 Surdy 
Kansas State Teachers 
College, Emporia, 
Kansas 
[' rcsident, Clean Room 
prodftcts, 55 Central Ave. 
Farmi , ngdale, N.Y. 11735 
President, Specialty 
Training Division, 
120 Taylor St. , Monrovia, 
California. 
Remarks 
This is the 	primar] 
course for the space-. 
craft sterilization 
program. 
Limited participation. 
NASA approval 
required. 
Ietquires sonic 
experience. 
This is a course for 
Kansas State Teachers 
College students. For 
availability of tapes, 
contact Dr. Surdy. 
Requires laboratory 
facilities. 
Applicable to both 
biological and non­
viable conam ination 
control packaging. 
Course adapted to use 
requirements. (NASA 
cooperation) 
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Table 1-3. Partial Listing of Films 
Title 	 Contact for Information Length Sound 
1. 	 Selected Films and Slides A list and abstracts are available from American 
- Society for Microbiology, 115 Huron View 
Boulevard, Anh Arbor, Michigan 48103. 
2. 	 Decontamination of Space National Aeronautics and Space Administration, I 8-in X 
Vehicles HQ-35, (1961) Educational-Audio-Visual Branch, Code AFEE-3,Washington, D.C. 20546 
3. 	 Life on Other Planets, National Aeronautics and Space Administration, 21 min X­
fIQ-34, (1961) Educational Audio-Visual Branch, Code AFEE-3, 
Washington, D.C. 20546 
4. 	 Chemical Dsinfection, 16mm, M-816 Public Health Service Audio-visual Facility, 30 min X-­
(1964) Chamblee, Georgia 30065, Attn: Film Distribution 
5. 	 Sterihzation Problems and Techniques, Public Health Service Audio-visual Facility, 36 mm X_­
16 mm, M-736 (1963) Chamblee, Georgia 30065, Attn: Film Distribution 
6. 	 Basic Biology of Bacteria, 35 mm, 5-174 Public Health Sc.rvice Audio-visual Facility, 56 X-­
(1950) 	 Chamblee, Georgia 30065, Attn: Film Distribution FrameshI 	 A 
7. 	 The Growth of Bacteria, Yeasts and American Society for Microbiology, 115 Huron View 22 min No-
Molds (1933) Boulevard, Ann Arbor, Michigan 48103. 
8. 	 Air Sampling for Microbiological Public.Health Service Audio-visual Facility, II min X-

Particulates, l 16ram, M-926 (1965) Chamblee, Georgia. 30065, Attn: Film Distribution
 
9. 	 Surface Sampling for Microorganisms Public Health Service Audio-visual Facility 8 min X
 
(Rodae Plates)i(1965) Chamblee, Georgia 30065, Attn: Film Distribution
 
10. 	 Surface Sampling for Microorganisms Public Health Service Audio-visual Facility 5 min X
 
16 nrn, M-925 Chamblee, Georgia 30065, Attn: Film Distribution
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Summary 
Basic microbiology characteristics of bacteria, fungi, viruses 
Dr. C. R. Phillips and Mr. R. K Hoffman of!Pt. Detrick, Maryland discuss the 
biological problems and the needs for the dc9ontaminhtion of space vehicles. 'They show 
different methods of achieving decontamnatipn. 
Dr. J. Lederberg (Stanford University) discusses the possibility of life existing on other 
planets. lie tells of the various ways-that i~e could have been introduced, and he 
describes the methods for detecting and investigating the problem. 
A filned lecture by Dr. Earle H. Spaulding, Chairman, Department of Microbiology, 
Temple University School of Medicine, Philadelphia, Pa., on chemical disinfection 
in hospital practices. Definition factors involved in disinfection and recommendations 
are covered. 
A filmed lecture by Dr. J. C. Kelsey, Director, Disinfection Reference Laboratory, 
Central Public Health Laboratory, London, dn sterilization in hospital practice. 
Definitions, use of dry and moist heat-(.tvam) and chemical and radiological sterilization 
are discussed. 
An introduction to bacteriology. Explains the characteristics of bacteria, differences 
in types, feeding and multiplication and contnbl through bolig, freezing and pikling. 
Elementary explanation for nonprofesskoonal audiences. 
Shows reproduction by fission, budding and branching in bacteria, yeast and molds. 
Illustrates colony development, pigment production. Vacuole formation and protoplasmi 
streaming. 
Shows proper techniques and procedures for sampling airborne bacteria in hospitals 
using Reyniers and TDL Samplers. Illustrates reasons for airborne sampling, 
operation of the Reyniers sampler, operation of TD3L sampler and counting bacterial 
colonies. 
Teaches proper techniques and procedures of surface sampling for bacteria in hospitals, 
using Rodac lates. Gives reasons for surface sampling, preparation of the agar 
sampling plates, description of the random and geometric grid sampling methods, and 
the counting and reporting of colonies. 
Shows proper techniques and procedures of surface sampling for bacteria in hospitals 
using the swab and template. Gives reasons for surface sampling, techniques of 
sampling on flat and irregular surfaces processing swabs and rinse liquids, counting 
of microbial colonies and interpretation of results. 
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Table 1-4, Partial Listing of Bibliographies 
Title 
A Selected -Bibliography 
from the Literature Retrieval 
System, Space Biology Branch, 
X-624-67-564 (November 1967) 
Bibliography on 
Planetarv Quarantine - Vol. I 

Policy, (D.E. Wright, 

November 1967) 

"ibliography on Planetary 
Quaran'tine - Vol 11, 
Environmental Microbiology, ­
(D. E. Wright, November 1967) 
Bibliography on Planetary 

Quarantine- Vol III, 

Engineering Parameters, 

(D.E. Wright, November1967) 
Source 

N.ASA-Goddard 
,Space Flight Center 
Greenbelt, Md. 
Space Biology Branch-
Code 624 
Biological Sciences , 
Communication 
Project, George 
Washington University, 
Washington, D.C. 20036 
Biological Sciences 
Communication 
Project, George 
Washington University, 
Washington, D.C. 20036 
Biological Sciences 
Communication 
Project, George 
Washington University, 
Washington, D.C. 20036 
Remarks 
326 References 
123 references on policy, sterilization 
related requirements, conference pro­
ceedings and background Information items, 
on NASA p6sition. 
359 references and citations
 
involving microbial growth, detection,
 
identification and monitoring throughout
 
spacecraft fabrication.
 
251 references on development and
 
testing of spacecraft components and
 
sterilization and decontamination
 
procedures.
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1.4.3.4 NASA Publication, "Spacecraft Sterilization Technology"
 
This presents the best compilation of sterilization state of art as of 1966. It is based on
 
the NASA-sponsored First National Conference on Spacecraft Sterilization Technology held
 
at-Pasadena, California, in November 1965 geference i-id).
 
1.5 	DATA BANK 
The execution of a meaningful quality program which includes mathematical modelling 
as well traceability' capability requires a data bank. Such a data bank would be a 
repository for all quality, checkout, contamination and sterilization data for all spacecraft 
components, systems and assemblies up and including to canister mating and terminal 
sterilization. This data bank differs from conventional spacecraft data banks in that 
it includes the additional data due to sterilization, planetary quarantine and biological 
burden accumulation requirements. 
The need for a data bank, however, extends beyond the requirements of the Quality 
Assurance program only. It was considered a prime requirement of the Voyager 
Planetary Quarantine Plan (Ref. 1-13) by being considered a part of Voyager Data 
Management System. The following excerpts from Reference 1-13 will illustrate the 
type information and utilization which can be expected from a data bank in a Quality-
Assurance or as a Management Plan application. 
Contamination Data Blank 
"The Planetary Quarantine Contamination Data Bank, as a part of the Voyager Data 
Managcmcnt System, will be established to sqtisfy a portion of the quarantine require­
meits. It will be used by Voyager Project and System Management, by NASA 
Headquarters, and by development contractorf to function as follows: 
h. 	 Assure that contamination and sterilitation decontamihation is complete 
and adequate. 
b: 	 Assure that documentation is traceable for all affected assemblies and 
components. 
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i. 	 Ensure applicability of sterilization processes and related specifications. 
d. 	 Implement the Planetary Quarantine Data Plan in an efficient orderly manner. 
e. 	 Make certain that identification of the sterilization data clearly establishes 
the identity of each component and/or assembly as the source. 
f. 	 Provide current information on short notice upon demand in order to es­
tablish or adjust predicted microbial contamination load estimated for the 
Capsule before terminal sterilization. 
:g. 	 The Contamination Data Bank shall be the repository of all contamination. 
and sterilization data for all equipment in Capsules to be sterilized, down 
to and including the pibce-part level. 
h. 	 Prime contractors shall be required to maintain, for flight hardware, the 
same depth of contamination and sterilization data, and to provide the 
Voyager Data Management System with this data at specified intervals. 
Contamination and sterilization data requirements shall be determined 
during the design phases of the Project. 
i. 	 The Contamination Data Bank shall provide, under the Planetary Quarantine 
Chief's direction, computer-processed reports, in a predesigned format(s), 
on a predetermined schedule basis to a controlled distribution. Demand 
reporting will be handled on a case-by-case basis. Some typical types, of 
reporting and computer usage are as follows­
1. 	 Recording, maintaining, and reporting assay records 
2. 	 Developing contamination curves 
3. 	 Dotermining probability of flight capsule contamination (mathematical 
model) 
4. 	 Providing traceability of aisemblies and components through the 
sterilization process (in conjunction with the Voyager Configuration 
Management System). 
5. 	 Generating reports of temperature cycling times, accumulated against, 
critical components or assemblies, to provide for prediction of 
possibility of additional temperature cycling degrading reliability-Y 
In the absence of a current planetary project, these functions represent the latest contam­
ination data bank philosophy. 
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SECTION 2 
QUALITY ASSURANCE PLAN 
2.1 INTRODUCTION 
The ability to deliver a planetary spacecraft ;conforming 'in all respects to the Planetary 
Quarantine as well as functional and mission requirements, requires a workable and 
adequate quality assurance plan. Quality can neither be inspected into a product; nor­
can it be added after a piece of hardware has been completed. The performance of 
quality assurance implies that conformance with all engineering, design, test and 
planetary quarantine specifications and requirements is observed, verified, documented 
and m'ade retrievable and traceable. To do this, a Quality Assurance Plan must be 
provided, delineating the function, activities, documentation, training and organiza­
tional: relation for the Quality Assurance team. Because each project or program 
must have a program plan specifically tailored to its end-item and organization 
structure, the plan outline presented herein will be limited primarily to the planetary 
quarantine oriented activities. Since a plan must be based on the guidelines and pro­
visions of "Quality Program Provisions for Space Systems Contractors" (NASA 
Documi ent NPC 200-2, Ref. 2-1), this outline is no exception. However, it goes 
beyond the requirements of Reference 2-1, to include the particular microbiology oriented 
aspects of the planetary quarantine requirement. In additionto the broad outline of NPC200­
2, the NASA-George C. Marshall Space Flight Center Publication SR-QUAL-64-13 (Ref. 
2-2) is used extensively in this manual. Specific details or procedures in the planetary 
quarantine cognizant areas are based on reported work by the General Electric-Company 
(Ref. 2-4), the Jet Propulsion Laboratory (Ref. 2-5, 2-6), and on actual hardware experi­
.I 
ence in the course of a current NASA -MSFC funded progrnm (Ref. 2-7) and other sources.
 
Parts loi the plan outline are given in this section with othez's in subsequent sections of the
 
manul. This approach'was taken to emphasize the planetary quarantine affected phases
 
of the plan.
 
2.2 RESPONSIBILITIES 
Quality Assurance responsibilities for a Planetary Spacecraft Program include, in a broad 
sense, ,the following: 
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a. Control of Procured Items 
b. Control of Manufactured Items 
a. Control of Subassembly Items 
d. Control ofMajor and Final Assembly 
e. Checkout and Test 
f. Canister Mating and Sterilization 
g. Spacecraft Mating and Launch Activity 
h. ;Data System 
This manual will concern itself primarily with planetary quarantine affected Items although 
the quality assurance requirements for planetary landers include all the above in the fullest 
sense of quality assurance. As an example, Figure 2-1, shows the typical quality work 
elements as used in spacecraft programs. The major additional quality elements are 
concerned with the microbiological requirements as prescribed by planetary quarantine. 
Figure 2-2 shows a detailed example of a typical make-or-buy sequence for the procurement, 
fabrication and sterilization of Voyager hardware and is typical of the kind of planning 
required. Figure 2-3, -also based on the Voagetprogram, illustrates general quality 
assurance documentation flow. It does not include the data bank, bio-assay data and other 
bio-burden data, because it was prepared for use with an orbiting spacecraft, which may 
onlyneed to be decontaminated. It does, however', illustrate the extensive documentation 
required for proper control; 
ah-3 QUALITY ASSURANCE PLAN OUTLINE 
A.quality Assurance plan fora mission and progran must be tailored to that program 
and the performing organization to be functionally 6ffective 'and economically.acceptable. 
The plan outline items presented here a're unique to a planetary quarantine governed pro­
gram. Only highlights are presented for special requirements, because the current NASA 
policy details are in the process of added, definition. Items customary, in.all spacecraft 
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programs such as receiving inspection, fabrication, assembly and related procedures 
are covered in subsequent sections of the manual. They roughly follow the prescribed 
sequence of quality assurance and inspection plans as outlined 'in "Quality Assurance 
Provisions for Inspection Agencies" NPC 200-1 (Reference 2-3). 
ai Receiving inspection and test 
bL Qualification inspection and test 
c. In-process inspection and test 
d. End-item inspection and test 
e. Shipping inspection 
f. Storage inspection 
The plan necessarily also follows the format o~itlined in NPC 200-2, (Reference 2-2), 
including Basic Requirements, organization and Management, Receiving Inspection, Fabri­
cation, Assembly, Test, Packaging, Statistical Analysis and Audits, but not necessarily 
in this order. 
2.3.1 ORGANIZATION 
The Quality Assurance organization shall include, in addition to normally required personnel, 
assigned personnel from microbiology, data systems and contamination control. All such 
personnoe shall have participated in the appropriate training courses. The size and reporting 
level of this organization shall be commensurate with its program management assigned
 
responsibility.
 
The organization shall include the following types of.personnel:
 
a. Quality Assurance Chief 
b. Professional Quality Assurance Personnel 
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C. Quality Assurance Technicians 
d. Assigned Personnel as required 
The degree of overlap in responsibilities between Quality Assurance personnel and 
Microbiology Personnel, Manufacturing personnel, Facility personfiel, Test personnel 
and other review or audit groups should be rediced by specific delineation of such 
responsibilities at the start of the program. 
Specific examples of anticipated quality assurance activities which are introduced by 
planetary quarantine are; 
a. Microbiological Materials Receiving Inspection 
b. Microbiological Facility. Certification and Monitoring 
C. Visual Monitoring of Spacecraft Assembly and.Test
 
d., Monitoring of Microbiological Assays
 
e. Monitoring of Decontamination Procedures
 
foE Monitoring of Terminal Sterilization
 
g° Monitoring of PersonnelI Practies in Biological Control Areas
 
h.' Analysis of Personnel and Hardwa-o Flow for QA Implementation
 
i. Analysis ot DocumenLation for DatZL flank Use 
J. Analysis of Monitoring Techniques for ]Bioburden Prediction Models 
1c. Review of Procurement Procedures for Microbiological Control and Inspection 
1. 'Contamination Review Board 
m. Sterility Control Team 
n. Nonconformance Materials Review (including microbiological aspects) 
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Although this list is not complete, it indicates the range of additional quality assurance 
activities which can be expected in a planetary program. The additional and perhaps 
more stringent documentation requirement also needs to be considered. 
2,3.2 tORGANIZATIONAL RELATIONS 
Quality Assurance will have inter-relations responsibility with severar organizations in 
the performance of planetary and sterilized hardware activity. Among these groups are 
a, Microbiology 
b. Facility (clean rooms) 
a. Data Systems 
dY Engineering 
e. Manufacturing 
t. Test Operations 
Among the interrelated activity will be the evaldation of decontamination and sterilization 
procedures and reporting and recording microbiological procedure violations by all 
involved personnel. This includes personnel behavior, dressings, washings, etc., 
before and during clean room activities. 
Quality Assurance will monitor, inspect, and verify all test operations from both aIL 
functional as well as a planetary quarantine view point. The same is true for assembly 
and fabrication activities. For this reason, Quality Assurance-will- participate in, or 
concur, in all significant fabrication, assembly, test, microbiological monitoring and 
related planetary quarantine planning activities. It is a Quality Assurance function to 
support and'coopcrato with other functional groups to reduce the probability of any 
potential quality compromise or contamination of planetary space-systems hardware 
2-I.]
 
2.4 RECEIVING INSPECTION 
This activity is covered in detail in Section 3 of this manual. This detail is possible 
becaus'e there is very little chaige from the previously used procedures- as defined by 
NP.C.20O-2 (Reference-2-1) and SR-QUAL-64-13 (Reference 2-2) and these procedures 
would be adapted. 
2.5 FABRICATION AND ASSEMBLY
 
This activity is covered in Section 4. Although it is recognized that personnel controls
 
have to be exercised in the fabrication and assembly of spacecraft/landers to be sterilized,
 
the degree of control is still in process of evaluation. Clean room controls, as specified,
 
will piobably not be required until the subsystem assembly level is reached.
 
Contamination violations and sterility compromises are-to be handled, as "Nonconforming 
Material" and will be adjudicated by -the Materials Review Board or the Contamination 
Review Board. 
2.6 TEST AND CHECKOUT 
The iispection and test operations will be planned jointly with test operations functional 
personnel and microbiology personnel to satisfy sterilization and planetary quarantine 
requirements. All other requirements and plans will be initiated according to procedures 
and plans formulated for the specific program. The detailed information.provided in 
Sections 4, 5, and 6 of this manual shall be considered for guidance. 
Contamination violation and sterility compromisos shall be handled in accordance with 
the procedures outlined in Sections 2. il and 2.12. 
2.7 PA6KAGING 
Only the problems of microbiologically clean packaging vrill be considered here, with 
examples of representative approaches from existing controlled, and routine packaging. 
Packaging problems assume a major importance in a bioclean spacecraft program and 
are discussed in Section 4.7. 
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2.8 -IOLOGICA L CONTAMINATION MATHEMATICA'L MODEL 
The pr6blems posed by Planetary Quarantine Requirements and the subsequent necessity 
to develop space vehicles which meet predetermined and measurable sterilization 
requirements can easily be handled by means of mathematical modelling techniques. 
Sophisticated computer programs have been developed which aid in the ability to 
monitor, predict, control, and evalulate the bioload conditions throughout the life cycle 
of a space probe vehicle from assembly through terminal sterilization. This means 
that the contamination probability can be determined and evaluated in advance of actually 
undertaking the construction of a space vehicle by providing visibility and traceability 
of factors contributing to bioload accumulations. Thus, as a Quality Assurance analysis 
tool, math models are ideally suited for use in space probe sterilization programs. 
The use of math modelling techniques permits tradeoffs and evaluations to be made of 
sterilizations requirements upon program costs, system keliability, and manufacturing 
or testing facility environments (clean room levels), based on manufacturing, assembly 
and test biological assay data. In addition, a complete data bank is obtained whereby each 
compofient's bioload history can be retrieved upqh demand. 
One other important benefit of using a mathematical model is apparent. Biological assays 
normally require up to 72 hours to grow cultures, wit]i counts made at 24 hours, 48 hours 
and 72 hours. Use of math models -may permit use of 24-hour counts, thus gaining critical 
time under certain conditions. 
As indidated earlier, the purpose of using math modelling techniques is to provide the capa­
bility to 1monitor, predict, evaluate, and control the bioload conditions through assembly, 
checkout, test, and perhaps canister mating repair cycles for space Vehicles. This capa­
bility provides the essential basis for evaluating the total bioload aectmulation for both 
external !andinternal parts of the space vehicle before thermal sterilizatibn. Furthermore, 
it permits evaluating quantitatively the probability associated with meeting pre-set steriliza­
tion objectives with defined confidence levels:. Inputs for the, model are obtained primarily 
from microbiological sources (assays) manufacturing and assembly sources (processing 
time to perform tasks) and quality assurance sources. 
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A math model develobped by General Electric is operational and is QurrenItly being utilized 
to evaluate bioload conditions on a prototype space vehicle undergoing a series of tests. 
A similar math model is currently under development by Martin-Marietta (Denver) 
and used by the Jet Propulsion Laboratory. 
The computer program utilized by General Electric is based upon a probabilistic treat­
ment of external and internal bioload quantities aMd will be described briefly to illustrate 
such a math model. Poisson statistics are utilized to handle microorganism arrival 
and departure rates. Expected values and'variances of counts due to sequential assemblyj 
test, and other operations are determined. The model predicts the number of organisms 
on the basis of the prevailing environmental factors of arrival rates, death rates, reten­
tion factors, and time required-to perform variotus operations on the vehicle or its 
components The model produces a mean value and variance for the bacteria population 
following each procedure. 
Arrival' rates are determined on the basis of 
a. Retention factors 
b. Projected area of the components, subsystems, or vehicle major assemblies 
c. 'Fallout rate 
d. Time required to perform tasks 
e. Total area 
f. Percent of the area contacted during task performance 
g. Oxganism contribution due to contact 
h. Environmental controls 
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Departure rates are determined by: 
a. The mean death parameter 
b. Time to perform tasks 
c. Reduction due to tasks such as chemical and mechanical cleaning, heating, 
and removal or clipping or material from work in process 
Given the biological assay and assembly data, the model yields after each task or process 
a. Mean external organism count 
b. Internal organism count 
c. External variance 
d. Mean internal variance 
The basic equations utilized by the model are as follows, using the nomenclature shown. 
Following that, Figure 2-4 shows a computer logic flow chart. 
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MODEL EQUATIONS
 
Mean External )

Count 0
 
Mean Internal (0 + Fno e-M'At
 
Count 0 koo
 
Variance of 2 (I-F)n e-At i 2e-g e 

External Count 0 0
 
-
Variance of 62 Fn e A*At ( e Ae*At) + (2 +F 2) e-*At 
Iternal Count 0 0 
Where 
n = the mean of the external count
 
n = the mean of the initial external count (before the pro'cess)
 
A = the mean arrival rate of bacteria
 
p = the mean death parameter for external bacteria
 
At = the time interval for the process
 
= the mean of the internal (occluded or mated) count
 
the mean of the initial internal count
o = 
* = the mean death parameter for internal bacteria 
F = the fraction (percentage) of external bacteria that becomes internal during 
process

2 
= the variance of the initial external count (before the process) 
a = the variance of the external count 
28 = the variance of the internal count
 
2
 
q = the variance of the initial internal count
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The organism count is subdivided into three sections: 
a, External: The external count gives the mean number of organisms (spores) 
on any exposed surface of the component. 
b. Occluded: The occluded count is the mean number of microorganisms (spores)
which lie on the surface of the material, but are totally enclosed' by the structure, 
(i. e., the interior surface of a closed box). The occluded count is entered 
initially, but is modified as additional areas are enclosed during the assembly 
of components during manufacturing. The occluded microorganisms (spores) 
are affected 6nly by natural die-off ratq (a function of the environment), 
and by heat treatment. 
c. Mated: The mated count determines thg mean number of microorganisms 
(spores) which are enclosed between tw6 physically mated surfaces. This 
count is also entered initially and is modified as the manufacturing and checkout 
process is continued. The mated regio microorganisms are affected only 
by the natural die-off rate and by the effects of heat treatment. 
Each component, at any stage in the process, has a part number (Q), a group number 
(G), and a level number (L). The process is divided into a series of levels, each level 
consisting of a series of, operations on the parts existing at that level, the final operation 
in a level being the amalgamation of at least two parts to form a new assembly. This 
assembly"becomes a part in the next level. 
The parts are arranged in groups according to ho%they'are to be combined at the end of 
the level. Parts with the samegroup number G are combined to form one new part 
for the next level. The parts are numbered sequentially in each group. The effect on 
the count of combining parts in.the final operation of the level is first quoted separately 
for each p~rt and then as a group-total for the parts'as formed into the new assembly. 
Operationslare performed on. the individual parts acdording to the operation number (J). 
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The mating or combining operations generally take a finite length of time, and there is 
deposition and natural die-off on the surface during this period. The external and internal 
counts 'will thus depend on how the external, occluded, and mated areas vary with the 
time during the assembly. This variation will depend on how mating is done; i.e., 
whether the area is occluded or mated gradually or near the beginning or end of the 
process. The method of handling a wide range of different mating processes is to 
assume that the physical joining occurs at or near the middle of the operation time; the 
areas in the first half of the process being as they were before the combination and, 
during the second half, as modified by the combination. 
Because of the increased flexibility which becomes available through the use of math 
models, it is easy to recognize that they offer a wide ranlge of additional capabilities 
for quality assurance analysis and procedures. 
The problems of recontamination analysis and prediction can be handled by the math model. 
Other~applications include: 
a. Comprehensive contamination data history listing on all parts of the system 
b2 Analysis of heat sterilization duration requirements based upon predicted 
bioload 
c. 	 Evaluate effects upon system reliability due to heat soak requirements 
d. 	 Identification of areas where sterilization costs can be reduced by predicting 
where major bioload accumulations are likely to occur and how best to avoid 
these conditions 
e. 	 Tradeoff and optimization of manufacturing, assembly, checkout and test 
operations in accordance with contamination control objectives 
f. 	 Selection of assembly operations and facilities which are most cost-effective 
g. 	 Provision overall system management visibility in terms of sterilization ef­
fectiveness 
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But most of all, the use of math modelling in the context of space vehicle sterilization
 
requirements reduces what has previously been a formidable and serious problem of
 
virtually unmanageable proportions.
 
2.9 TRAINING PROGRAMS
 
The need for training programs in a planetary spacecraft program which includes plane­
tary quarantine must include not only the normally expeotdd personnel training and
 
certificiation customary on all scientific spacecraft systems, but also that particularly
 
required by the planetary quarantine requirement
 
The former is covered in numerous planetary spacecraft program documents, such
 
as those generated in the several Voyager and Mariner studies, and will not be repeated
 
here.
 
The latter is unique to a planetary landing vehicle and has been described in Section 1.4 
of this document. It is presented there because of the unique microbiological requirements. 
2. 10 DATA SYSTEM
 
The microbiological contamination data bank is discussed in Section 1. 5'because it is a
 
unique planetary quarantine requirement. This section covers the highlighfs of the
 
remaining data system requirements for a planetary program.
 
2.10.1 GENERAL
 
The data reporting system provides quality and discrepancy information from the parts
 
level thro!agh field operations, The following documentation is customarily used to
 
accumulate and report quality data and information:
 
a. Inspection Record Forms 
b. Nonconformance Report Form 
c. Inspection Report Form 
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d. Performance Data Cards (Parts) 
e.; Performance Data Sheets (Articles) 
f., Failure Report Form 
g. Data Control Sheet/ Nonconformance Report 
ho Supplier Performance Data Sheets 
i. Supplier Failure Reports 
j. Materials Lab Analysis Reports 
Item a is used by all in-house inspection operations. Items b, c and d are used primarily 
at Receiving, Receiving Inspection, Parts Laboratory Inspection/ Test, Subassembly 
Fabrication and Inspection levels, Items e and f apply for component, subsystem and 
system test levels while item g is used in field operations. Items h and jare required 
from subcontractors and suppliers and established by contractual commitment as part; 
of the overall control of purchased articles. Item _jis used to report physical and 
chemical analysis results on samples of material, finishes, coatings, etc. , required for 
acceptance of such items by Receiving or In-Process Inspection. 
To aid in disseminating concise failure information to all operations, a Failure Summary 
Log is compiled and maintained current. This log groups all failure data for each specific 
article together in summarized form arranged chronologically and provides a useful, quick 
reference tool for checking failure histories and corrective actions taken. The log also 
references, by number, formal failure analyses performed which provide additional detail 
on specific failures. 
Corrective action is determined by review and analysis of reported failure information and 
also the results of special investigations, evaluation testing, etc., as required to substantiate 
such action. Formal failure analysis is required for all performance discrepancies reported 
on components, subsystems and systems. All resources of the Project Group are used as 
needed to determine and accomplish required action. Corrective actions taken are documented 
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on formal failure analyses or by notation on discrepancy and failure report documents when 
action is obvious or formal analysis is unnecessary. Quality aspects of article specifications 
and drawings are periodically reviewed on the basis of all pertinent data reported to identify 
changes necessary to assure a quality level consistent with program requirements. All 
failure data and information is transmitted to the Reliability Operation to facilitate evaluation 
for trends, Mean Time Between Failures (MTBF) goals, performance variability, compi­
lation of the Failure Summary Log, etc. 
2.10.2 DATA REPORTING DOCUMENTATION 
The Inspection Record, Nonconformance Report, and Inspection Report provide direct 
indication of design and fabrication deficiencies. Review and analysis of this information by 
Quality Assurance determines adequacy of process control, quality trend and indication of 
where and when specific quality training and certification or recertification of personnel is 
needed. The analysis results determine required corrective actions and are preliminary 
indications of quality levels. 
The Performance Data Cards, Performance Data Sheets, and Failure Reports provide 
performance history and records for all articles including type approval test results. Re­
view and analysis of this information and Inspection Reports Identifies possible design im-
I 
provement' and indicates which articles have limited or critical life characteristics. In­
formation on Unified Failure Reports and Inspection Reports is also analyzed to identify 
problem areas and determine the need for special investigations or analyses necessary for 
solution. The Data Control Sheet/Nonconformance Report provides interface with field 
experience and supplies feedback information for analysis and initiation ofcorrective actions 
required nhouse. 
Subcontractor/Supplier/Vendor Failure Reports, Analyses, and 'Performance.Data provide 
indication of quality levels on purchased articles. Suitable inputs for establishing Sub­
contractor/Supplier/Vendor quality ratings are also derived from this information. When 
these inputs show 4eterioration from the acceptable performance level', detailed review is 
performed to determine the cause and the results submitted to The Subcontractor/Supplier/ 
Vendor for corrective action. 
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2.10. 8 ORGANIZATION 
Quality and discrepancy data is generated by Suboontrators/Suppliers/Vrendors as well as 
the following organization elements: 
a. Receiving Inspection 
b. Parts Laboratory (parts screening, special tests, 6tc.. 
c. Process Control Inspection 
d. Component Test 
e. System Accumulation Inspection 
f. System Test 
g. Biological Contamination Control 
h. Field Inspection and Test 
2.10.4 ACCUMIULATION AND RETRIEVAL 
Tc handle efficiently the volume of quality data necessary-for a'Projei4,u'p-uwVuU lux 
rapid 'data retrieval, a Configuration Information System '(CIS)will bee tablished. This 
operation will receive input data and information by means of-the reporingdocuanents 
referenbed in Section 2.10 and transfer it to punched car&form,. These data cards will be 
accumulated and retained by the CIS for use in providing rapid processing and retrieval 
services for all other operations. Article performance -prpfiles pan b9,obtaged through this 
retieval capability. One valuable feature will be the inclusi6n-of a discrepdncy/failure 
cause code number on all discrepancy or failure 'data caids. This cod'etwilltrovide mean, fo 
retrieval by variousbreakdowns suchas location, type, test level, supkiei, manufacturing. 
error, etc., Thd services of this operationwill: 
'a. Support preparation of qhallty-status reborts 
b. Provide data for -historical reviews 
c. Aid in evaluating the effetiteness of correctivecti84s, and' 
d. 	 Assist in preparation of failure analyses. Examples of data reporting flow diagrams 
are shown in Figures 2-5 and 2-6. 
2.10.5 DESIGN AND DEVELOPMENT 
To provide records necessary for traceability in solution of problems, performance char­
acteristics history and trade-off decisions, all quality data associated with design and develod­
ment will be recorded in engineering logbooks. These data will include details of experimental 
tests investigations, failure analyses, descriptions of tests, numerical results and conclusioAs. 
The development data will not be entered in the CIS, but will be retained by Design Engineering 
for reference as required. 
2.10.6 QUALITY STATUS REPORTS 
The CIS will supply the majority of information required for preparation of periodic quality 
status reports by Quality Control. These reports will include current profiles of article 
performance, quality goals achieved, results of analyses and corrective action taken. Inter­
pretation, recommendations, conclusions and projected action based on this information will 
augment the basic data reported. Copies of the report will be supplied to Program Manage­
ment and NASA. 
1 
2.10.7 END ITEM REPORTS 
The CIS will also provide inputs for the quality data required in end item reports. Narrative 
interpretation and conclusions will accompany these data. Use of the configuration information 
system will enhance the timeliness and accuracy of the information submitted in both the 
quality status and end item reports. In addition to the documents referenced in Section 2. 10. 1, 
the following data and information documents are generated for configuration control and log 
history: 
a. 	 Break'of Inspection Card - Records changes made in articles at In-process level 
/ 
b. 	 List Qf Material (L/M) - Defines system final configuration. 
c. 	 Break of Inspection Record (DOI) - Identifies system changes in configuration 
chronologically and shows serial and part numbers of articles removed and 
replacements installed 
Identifies 	troubles and malfunctions encountered and the-d. 	 Failure Analyses CSystem) 

corrective action taken
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Retest and incomplete test status is obtained by review of system test data records. Thesb 
I 
documents provide additional information required for preparation of the end item report. 
2.10.8 RECORDS 
Inspection results are recorded in numerical form where possible and practical on Inspection 
Record Forms. These are filed by each Inspection Operation to provide traceability and 
reference information, if needed for subsequent failure analysis. Evidence of completed 
inspection is accomplished by stamping both the Record Forms and the article. Discrepan­
cies are documented by use of the Nonconformance Report, Inspection Report, Unified Failure 
Report; or Data Control Sheet, depending on the inspection level. Functional performance 
characteristics data for complete articles are recorded on TP Performance Data Sheets 
which also provide for recording operating time and identify each characteristic as critical, 
major or minor. All performance data for critical and major characteristics is recorded 
as actual variable measurements where it is possible and practical. Minor characteristic 
data are recorded by either attribute or actual variable measurement. Copies of these data 
sheets are maintained on file. The original will be transmitted to the CIS. Discrepancies 
and failures are documented on the Unified Failure Report, Data Control Sheet and/or 
Inspection Report Forms. In addition to these detailed records the majority of this infer­
mation will be maintained in punched card form by the CIS. 
2. 11 AUDITS AND CORRECTIVE ACTION 
IThe system of discrepancy and failure reporting through the use of the Nonconformance 
Report Cohtamination Violation Report, Inspection Report, Unified Failure Report and Data 
Control Shbet/Nonconformance Report provides means for identifying immediate corrective 
action directly on the document. Failure analysis is.performed when the cause or corrective 
action is not obvious and includes a cross-reference to the failure reporting document. 
Corrective actions are directed toward elimination of the initial cause factor(s) to the maximum 
extent possible, consistent with schedule, cost, ease of implementation and degree of cause 
isolation achieved. Periodic audit and followup is performed to verify that corrective actions 
have been implemented and are maintained. 
2-27 
2.11.1 TRENDS 
All data generated at any point requires review and approval before resumption of the materill 
flow. This review includes notation of any major changes in characteristics and permits 
early recognition and initiation of corrective action. When the quantity of articles is large 
enough to pr'ovide sufficient data for meaningful control charts, these are prepared and main­
tained by Process Control for parts and subassemblies. Periodic reviews by Reliability of 
accumulated data are performed to identify less obvious trends for components, subsystems 
and systems. This trend information is transmitted to Quality Assurance for use in determining 
necessary corrective actioh. Problems or potential problems revealed by review of perform­
ance and failure data which require action in areas other than the one where the discrepancy 
or variation is detected, are interfaced with other operations to provide a coordinated action 
effort. 
2.11.2 FAILURE ANALYSIS 
Failure analysis are performed to determine the specific causes of the failure or discrep­
ancy and the required corrective action. Where applicable, special investigations, tests, 
teardown evaluation, etc. , are conducted to support the analysis. The services of Design 
Engineering, Materials and Processes, Parts Laboratory and Subcontractors/Suppliers are 
used to ascvrtain the best and most economical solution. The failure analysis report includes 
complete identification of the discrepant material and the applicable failure reporting 
document. A.lso included is a brief description of ther.failure, summary of all analysis 
performed, material disposition, and the corrective action taken or planned. When analysis 
shows that a potential problem may be present in existing parts stock or in completed 
articles, cor rective action includes a "hold" on the suspect parts stock and recall of com­
pleted article. Suitable investigation, inspection and test are then employed to determine 
disposition of the suspect material. When corrective action requires rework of articles 
which have previously completed fabrication and test all;,affected operations are notified of 
the requirements in writing. 
When required action has an impact on delivery schedules or field use, Project Management 
is also notified so that a satisfactory plan for accomplishment of the action can be formulated 
consistent with project requirements. 
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2. 11.i3 FAILURE ANALYSIS/REVIEW 
A Failure Analysis Review Board (FARB)will-be established in the Project Office to review 
and evaluate all failure analyses and correctiVe actions. The purpose of this review .and 
evaluation is to assure adequacy of analysis and identify any deficiencies or incomplete ac­
tions. When a formal analysis is required, the Board assigns and issues an identifying log 
number. The assigned log number is referen'ed on all documents issued pertaining to the 
failure, thereby providing means for correlating these documents for subsequent use. 
Periodic status reports of analyses are issued which provide a listing of all current analyses 
in progress and those which have been completed and reviewed, but held open for corrective 
or additional action. The review board will normally consist of one representative frol 
each of the following operations: 
a. Quality Assurance (Chairman) 
b. Reliability 
2 Design Engineering 
d' Manufacturing 
4 
e. Standards 
f. Materials and Processes 
g.' Planetary Quarantine 
The board meets periodically to review new and supplemental analyses issued and the status 
of action items generated at previous meetings. - FARB representatives receive copies of 
all analyses issued for individual review before board meetings. This provides time for 
detailed;,review by the representatives so that review, conclusions, recommendations and 
action items at board meetings can be efficiently completed. 
When the throughness of the analysis and corrective actions are adjudged adequate and 
complete,'the board accepts the analysis report ani designates it as "closed. " Satisfactory 
evidence that corrective actions identified in the reRort have been implemented or initiated 
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Is required by the board to close the report. Examples of such evidence are documents of 
changes in design, process, procedure or test equipment; written notifications to personne 
and Subcontractors/Vendors/Suppliers; and initiation of orientation/training actions. WheA 
analyses or corrective actions are found deficient or incomplete, the report is held "open," 
pending receipt of supplemental information correcting, clarifying or completing the "open" 
items. Board representatives are assigned action items to expedite and assure adequate 
followup -of "open" items requiring action in their respective operations. A summary report 
of the minutes and results of board meetings is issued for information purposes to all affected 
operations and personnel. The board also compiles and maintains current the Failure Summat 
Log. This log includes brief information on results of formal analysis, informal analysis and 
corrective actions for all discrepancies. Figure 2-7 shows the interrelationships involved 
in the operation of the Failure Analysis Review Board. 
2. 11.4 SUBCONTRACTORS/SUPPLIERS 
Failure data reporting is established as a contractual requirement for all articles purchased 
from subcontractors and suppliers. Immediate ndtification of failures is required to permit 
earliest possible assessment of any impact on articles previously received. It is also 
required that the immediate notification be confirmed by detailed written report. In addition 
to the detailed reports of failures, detailed failure analyses including information on the 
corrective action taken or proposed are required. inimum requirements, specifying the 
type of data and information to be submitted, are defined in the procurement documents, and 
also include maximum time limits for submission of this information. The data and informa­
tion received are reviewed and evaluated for complgteness of analysis and adequacy of corr­
ective acti6ns. The subcontractor or supplier is notified of any deficiencies and required 
to submit supplement reports clarifying or correcting the deficiencies noted. For failures 
which occurlon purchased articles previously received, a Unified Failure Report and Inspec­
tion Report are prepared and the article returned to the vendor for analysis and corrective 
action. Wheii necessary, the subcontractor or supplier is requested to initiate specific 
corrective action measures which have been identified by review and evaluation of perform­
ance and failuIe data accumulated after receipt of the purchased article. 
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2.12 QUALITY ASSURANCE AUDITS 
2.12.1 'GENERAL 
The audit function is geared to advise management with current factual data regarding program­
compliance and the effectiveness of quality management systems ol product quality. The audit 
group, will be. comprised of personnel who have general knowledge in program requirements, 
management systems, contractor/subcontractor/vendor auditing, manufacturing processes 
and controls, product verification, -planetary qdarantine, field operations, and quality control,/ 
reliability specifications. 
2.12.2 AUDIT PLAN 
-The auditing program will be designed toward and implemented to provide positive assurance 
that: (See Figure 2-8) 
a. 	 Contracted requirements are being complied with. 
b. 	 The established Quality/Reliability system-is complied with and changed if needed 
to satisfy Program requirements. 
c. 	 Processes (soldering, welding, potting)rare rigidly controlled to prevent defects. 
d. 	 I Completed articles aremanufactured and/or tested to the specified engineering 
definitions. 
e. 	 The Contractor, Supplier, and Subcontractor shall be monitored for compliance 
to contract requirements°. 
f. 	 Field Operations are compliant with the accepted Field Program Plan. 
g. 	 Planetary Quarantine is not compromised. 
The auditing program shall, for example, be focused to the prevention of: 
a. 	 Any misunderstanding of Program requirements that could prove costly to'the 
program and impair schedule commitments, e.g., magnetic requirements, type 
approval and proof test model requirements, supplier/subcontractor control 
requirements, material review requiremenits 
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b.f Implementing existing quality/rellability procedures which are in any way contzary 
- to contract requirements including NASA Specifications NPC 209-2 and NPC 200-3 
c. The degradation of in-process articles that may be caused by manufacturing prdcesses 
(paint, soldering, bonding, wiring, etc. ) and hethods 
d. Installing into the end items any articles which do not agree with the specified 
engineering definition or planetary quarantine 
e. Correlation omissions by NASA, 
and proof test model testing 
Supplier, Subcontractor regarding type approval 
f. Conducting confidence test before the review of the end item logbook and its verifica­
tion to the latest planetary quarantine or engineering definition. 
2.12.3 ACCOMPLISHMENT OF AUDIT PLAN 
To accomplish the outlined tasks and their associated examples, schedules shall be estab­
lished and submitted to Quality Assurance management on a continuing basis for review and 
approval. Checksheets for each major task will be developed in sufficient detail to provide 
a qualitative measurement for management action. The Management Report will accentuate 
critical areas that require action. Corrective Action Request will be forwarded to the 
manager responsible for nonconformance that occurs within the particular work scope. This 
formalized system will state the nonconformance, provide recommendations for correction 
aid specify that corrective measures must be in place within a specified time period. Qual­
ity Assurance will participate as a member of a Management Audit and Review Team which 
C 
will appraise Supplier's, Vendor's, and Subcontractor's progress. 
2.12.41 CONTAMINATION VIOLATION AND CONTAMINATED REVIEW BOARD 
The specific need for a contamination violation audit and reporting procedure is based upon 
the requirements of planetary quarantine. This procedure, in conjunctiorwith the mathematics 
contamination accumulation model information, is necessary to assure control of the micro­
biological cleanliness of the planetary lander. The functional group to which such reports and 
audits are addressed is the Contamination Review Board (CRB). The function of this Board 
is somewhat similar to that of a Nonconforming Materials Review Board (NCMRB), except 
that it is made up of personnel from Quality Assurance, Microbiology, Facilities, Engineering, 
and other cognizant groups. 
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Contamination violations can be and must be reported by anyone observing such occurrences. 
Although.visual monitoring will be required during all spacecraft assembly and checkout 
operations, both with and without aid of a closed circuit TV system (Ref."2-8), this does 
not 	diminish the responsibility of all personnel engaged in the planetary lander program to 
report violations of both spacecraft procedures as well as facility procedures. These 
violations shall be channeled through the Quality Assurance representative, who will initlat6 
the necessary action with the concurrence of microbiologists, planetary quarantine and 
facility personnel. The Contamination Review Board (CRB) represents the final disposition 
authority for contamination violations and will be convened if disposition of violations cannot 
be effected at other levels. 
Reference 2-9 describes the functions of a Contamination Review Board as follows: 
a. 	 'Review the reported discrepancy and determine whether a contamination problem 
,exists. 
b. 	 Determine the disposition or action to be taken regarding the contaminated facility, 
'hardware, or personnel. 
c. 	 Assure that effective followup ensures that corrective action is taken to remedy the 
.cause of the contamination. 
Further '.etails of the CRB authority and procedures must be established by the cognizant 
project office and the NASA Planetary Quarantine Officer. 
2.12.5 MATERIAL REVIEW BOARD 
A Material Review Board (MRB) will be established for determining the disposition of non­
conforming materials. Guidelines of the MRB function are as follows: 
When material Is first found to depart from specified requirements, it will be properly 
identified as nonconforming and isolated from normal channels of fabrication and pro.­
cessing. Material submitted for material review action will be routed to holding areas 
mutually acceptable to the Project Group and thej Government representative. Where 
removal from normal channels of fabrication is impractical due to the size or configura­
tion, marking or tagging will be accomplished in a manner to assure positive identifi­
cation as nonconforming. 
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All nonconforming material will be reviewed by Materials Review Board personnel. If 
the material is obviously unfit for use or is found to be uneconomically repairable, it 
may be scrapped in accordance with the project' Government-approved procedure for 
identifying and disposing of scrap. The project may authorize the return of nonconform­
ing material for completion of operations, rework to original specifications, or repair 
I 
to NASA-approved repair procedures. 
Minor nofonforming material will be submitted to the Material Review Board for disposition 
and will be disposed of in accordance with the decision of the board. Minor nonoonformances 
will be summarized on the applicable quality form for delivery with the end item. 
Major nonconforming material will he authorized for use only if a waiver is granted by the 
contracting officer. The Material Review Board will conduct an investigation and submit 
recommendations for dispositions to the Contracting Officer. 
i 
2.12.6 DEFINITIONS
 
Applicable definitions areas follows:
 
a. 	 Nonbonformance - Any departure of a product from specified requirements. 
b. 	 Minor nonconformance - Any nonconformance other than major that does not materi­
ally rdduce the usability of the produce for its intended purpose, or is a departure 
from established standards having no significant bearing on the effective use or 
operation of the product or associated itemns. 
c. 	 Major nonconformance - Any nonconformance that could result in hazardous or 
unsafe condjtions for individuals using or maintaining the affected product or could 
adversely affect reliability, durability, performance, interchangeability, weight, 
or the basic design intent. 
d. 	 Material Review Board - A formal Project-Government board established to deter­
mine the dispogition of minor nonconforming material and to recommend the dispos­
ition of major ntneonforming material. The Material Revie\v Board is made up of a 
representative ofthe Project Group whose primary responsibility is product quality, 
a representative df the Project whose primary responsitility is design, and a 
Government representative assigned. 
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The project group will provide for the selection, evaluation, approval, maintenance, and 
control of all inspection standards, gages, and measuring and test equipmentnecessary to 
determ ine bonformance with specification, drawing, and contract requirements. All measur­
ing equipment will be calibrated at scheduled intervals, when required, against certified stand 
ards which have valid, -known relationships to the National Bureau of Standards. Records will 
be maintained indicating the date of the last calibration and the next due calibration date. 
The die date and other identification attesting .the due date of the next calibration will be Tis­
played' on each independent item of equipment. The contractor shall provide the procedures 
and means for periodic operational checks to be performed prior to use ofspecified measuring 
equipment. 
1 
2. 13 GENE1RAL GUIDELINES 
The guidelines described in this section form the MSFC analysis and checkout philosophy 
(Refeiience 2-2). These concepts have been implemented on many missile and space programs 
and differ here only in emphasis and application. They also must be .supplemented by 
planetary quarantine requirement guidelines. 
The flow of events shall follow a logical, .well- planned sequence that permits adequate analy­
sis of each component and/or system with a minimum of nonessential duplication, and with 
the most efficient use of manpower, equipment, '.and facilities. 
The building-block principle of testing shall be utilized. This means that components arc 
tested indiivually bfore they are required to perform in subsystems, and subsystems are 
tested individually before they are required to perform in systems. 
Operations shall be integrated to utilize the available time most efficiently and facilities most 
effectiveiy. All operations will be accomplished in a logical sequence and the results recorde( 
in'a fornat meaningful for future use. Testing shall be planned to accommodate fault isolation 
routines without interrupting all other operations. 
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Analysb and checkout operations should he dvclopod from concopt based on the most versa­
tile solootion of wxariual and automatic systems to arrive at the optimum balance between man 
and machine. The end resuit of automation should b~e equal to or better than-the end result 
of alternate methods. 
Organizations responsible for analysis and checkout shall use trained, skilled personnel who. 
throughly understand the specimen and shall perform independently of the .design and wanu ­
facturing elements. They shall establish criteria derived from design specifications and 
design objectives and shall be responsible for accepting or rejecting the results. 
No analytibal or checkout operations shall be p,rformed, except by use of procedures which 
have been submitted to the procuring activity in accordance with cdntractual documents. 
An organized data processing plan shall be developed and implemented. This-plan shall 
assure that all required data are processed and delivered to cognizant organizations. 
Test operations shall incorporate fail-safe provisions which assure return.tota safe conditibr 
in the event of a power failure or other emergency. 
Replacemeht of rework of parts shall require that appropriate analyses andtests be rerun 
to verify that the new or reworked part is compatible with and meets the specified requirements. 
Standardization of equipment, procedures, and techniques shall be accomplished where.it is 
practical and where it does not comprom ise objectives. 
Inspection stamps that are traceable-to the individual responsible for the analysis will be 
used to indicate concurrence. The use of these inspection stamps shall be in accordance with 
contractual documentation. 
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Parts,' components, or assemblies Intended for flight or for assembly in an operational 
support system will not be used as test fixtures for testing of other such components. No 
part, component, or assembly that undergoes qualification testingwill be used in a flight or 
operational support system. 
The detailed test plans for the various checkout operations will assure the efficient application 
of resources. Test equipment used at the factory test sites shall have accuracy and ranges 
comparable to that used at all other test sites in order to ensure consistency of test reslts 
Consideration shall be given to the reasons for analysis or checkout. The mere ability of 
an item to perform a function is not the criterion for acceptance. Ability to perform its 
function when required and in the proper mode is the important item. Thus, engineering 
evaluations of the test results are required. 
The contractor shall implement a system to feed back rapidly to suppliers the information 
necessary for correction of deficiencies detected during any phase of activity. 
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SECTION 3
 
RECEIVING INSPECTION
 
3.1 INTRODUCTION 
I 
This section provides the basic guidelines for the receiving inspection activity and is 
based extensively on material from Reference 3-1. Receiving Inspection shall provide 
assurance that all incoming materials conform to the quality (including microbiological) 
specifications and requirements stated in the purchase order. Any special requirements 
shall be detailed by the cognizant enginee ring and microbiological personnel at the time 
of purchase. 
In general, the purchased hardware will be supplied to withstand the terminal heat steril­
ization cycle, but will not be sterile upon receipt. This hardware will be subjected to the 
normal aerospace receiving inspection and/or tests. All hardware and supplies received 
including microbiological assay materials, raw materials, parts, components, assemblies, 
etc. , -will be subjected to inspections and/or tests to assure conformance to the applicable 
specifications, standards, and drawings. These inspections and tests will range from visual, 
dimensional,and functional analyses at the suppliers plant to detailed analyses of chemical 
and piysical properties requiring special laboratory facilities. Any sterile or decontam­
inated materials or supplies received will reqtdre special'handling,and the inspection per­
sonnel should have additional training in these areas. 
All receiving inspection documentation, such as test and inspection data, vendor data, fail­
ure reports, nonconformance reports, sterility certifications, and correctiveactions shall 
be maintained and will become a part of the historical filp on the applicable item. These 
records shall be maintained for a time period specified by the particular contract. 
3.2 GENERAL OBJECTIVES 
The overall objectives of the receiving inspection activity are to ensure quality conformance 
of all purchased items and Government-furnished equipment received. By verifying the 
quality and the count of all incoming item's and material, it can be ascertained that the sup­
plier s material complies with the quality standards and requirements as stated in the 
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procuring document. By eliminating nonconforming materials from entering the stock 
areas, failure costs in subsequent assembly operations can be reduced. 
The receiving inspection acitivity shall provide a well-planned and documeited quality 
inspection, test, and analysis that will determine the condition and count of all componentS, 
parts, etc., on their arrival at the contractor' s facility. 'Receiving Inspection will normally 
perform visual and dimensional checks and verification of all drawing and specification 
requirements. The extent of the inspection will depend on the contractual requirements. 
Normally, receiving inspection will not perform chemical and physical analyses of raw mat­
erials, radiographic inspections, sterility or contamination analysis; leak tests, or mech­
anical and electrical functional tests. These types of analyses require special skills and 
facilities and are conducted by other organizations forthe receiving inspection operation. 
The results of these analyses are returned to receiving inspection and become a part of the 
historical file. 
3.3 GENERAL REQUIREMENTS 
To assure that the objectives of the receiving inspection function are met, the receiving 
inspectin operation will meet, as a minimum, the requirements based on SR-QUAL-64-13 
(Reference 3-1) or similar documents as excerpted hero, with additions specifically intend­
od for a planctary spacecraft. 
a. Inspect and/or test all components, parts, and subassemblies in accordance with 
,the specifications and/or requirements specified in the contract and in-accordance 
fwith the purchase order. -
b. tUtilize approved inspection and/or test procedures, techniques, and equipmant for 
measuring dimensions, voltages, frequencies, pressures, temperatures, and hard­
ness. Employ proper test stimuli, excitation and/or other special requirements. 
c. Schedule mechanical and electrical functional testing into the appropriate functional 
tcst support area. 
d. 	Determine the visual rejections, dimensional rejections, electrical malfunctions, 
aind n.l niit-nf-limnt[ nrFnrmaroa. 
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o. 	 Take timely corrective action. 
f.; 	 Document all receiving inspection results. 
g.. 	 Determine and evaluate all procedures, data, and statistics to assure that the 
inspection and/or test preparation requirements and objectives have been accom­
plished before stocking materials.­
hb. 	 Assure that suppliers qualify and requalify parts as required by the contract. Rec­
ords will be kept for failure ratio insjection, and a specified number of parts will 
be run at a maximum rate condition for a specified time period. 
i. 	 Collect the inspection and/or test data and process it for evaluation of results with 
the test data furnished by the suppliers. This data will be used as an input for an 
effective supplier rating system and to assist in defect trend information. 
Planning and performing inspections and tests on all procured articles will verify that the 
quality requirements of the purchase order have been satisfied either at the source, at the 
contractor's plant, or both. 
a. Inspections performed at the receiving activity will, as a minimum, include veri-
I fication of all drawing and specification characteristics that have not been source­
inspected by the contractor and which can be verified without disassembly of the 
article. Particular emphasis will be placed on those characteristics for which 
deficiencies may not be detected during subsequent inspections and tests. The 
quantity and degree of inspection perfiTmed will be consistent with the critical 
nature of the article, the information available from previous inspections and 
tests, and the quality history of the article, Statistical sampling techniques may 
be used, where applicable, subject to IASA approval. 
b. 	 Inspection and test equipment, drawings, specifications, and instructions shall be 
available in the receiving inspection area for reference in performing the necessary 
tests and inspections. Where the cost of certain inspection or test equipment pro­
hibits duplication of the supplier's inspection equipment in the receiving inspection 
area or where the inspection may compromise the sterility, as in the case of sterile 
petri dishes, culture media, etc., the inspection or test operations shall be per­
formed at the supplier's facility. 
c. 	 Procured articles subject to age deterioration or other degradation will be accom­
panied by an indication of the data at which the useful life will be expended. All 
such articles will be adequately protected in subsequent storing and handling oper­
ations. A system for removal should be established for items that have exceeded 
their shelf life. 
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d. Chemical and physical tests necessary to verify material quality will be conducted 
on test specimens submitted with purchased articles. 
e. Chemical analyses, microbiological assays, and physical tests necessary to verify 
that raw materials conform to specifications will be periodically conducted. on 
samples randomly selected from the raw. materials received. 
Physical separation of raw materials and purchased fabricated articles for sterilizable 
systems will be maintained. This will provide, as a minimum, separation of: 
a. Materials or articles awaiting inspection and test results 
b. Conforming materials or articles 
c. Rejected materials or articles 
3.4 PLANNING AND SCHEDU-LING 
A receiving inspection activity requires detailed planning and scheduling in order to accom­
plish coihplete and accurate tests and inspedtions ito meet over-all end-item delivery dates. 
Components and materials quality control flow charts that designate where inspection and 
test stations are required and xhat is to be accomplished at each station will be prepared. 
Using the flow charts, the time at each station can be stipulated and the time for the entire 
cycle estimated. This time-sequenced flow chart enables detedtions of critical areas so 
that proper emphasis can be applied to meet major'milestones, program schedules, and 
ensure thkat end-item delivery dates are met. 
The flow 'chart (Figure 3-1) shown on the next page illustrates equipment hardware flow, 
through a receiving inspection facility. In order to determine end-item delivery dates, 
realistic scheduling should be based on the time cycle for each of the areas shown. Figure 
3-1 depicts the receiving inspection functions and shows the support functions for special 
tests. 
Using the .chart shown in Figure 3-1, time required at each area can be accurately com­
puted in the receiving inspection activity-and an over-all test and inspection time cycle can­
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be determined. This can then be correlated with the over-all cycle requirements and a ­
realistic schedule can be established. 
Receiving inspection is responsible for ensuring that all specialized tests are run, including 
those not accomplished by the receiving inspection activity. 
3.5 RECEIVING INSPECTION _SUIPMENT
 
Equipment capable of meeting the test, inspection, and analyses requirements, shall be,
 
provided, in accordance with fhe minimum quality requirements established by the particular
 
program:
 
3. 6 FACILITIES
 
Facilities in the receiving inspection area will be adequate to provide for the required inspec­
tions, tests, and analyses. The layout of the receiving inspection area is most important
 
and should allow for separation of items according to their intended use, within the frame­
work of mechanical and electrical items. These facilities will be in an area large enough
 
to permit the smooth flow of equipment through the receiving inspection activity.
 
A receiviftg inspection area in support of the fabrication and processing of sterilizable space­
craft subsystem should meet the following requirements as a'minimumr 
a. 	 Cean room (s) will be provided where requirements dictate the control of temper­
ature, contaminants and dew point. This will permit the inspection and/or test of 
critical items without degradation of the item. 
b. 	 Laminar flow bioclean work station will be provided where requirements dictate 
inspection of decontaminated or sterile hardware. 
e. 	 3dnded areas will be'provided for control-of at least the following items: high' 
performance, costly and -scarce parts, intricate and guarded procedures, includingI 
spbcifications and drawings, and delicate and precision gages. The ,bonded treas 
c 5 be used to separate Gov ernment-fOrnished equipment from contractor property. 
The bonded area will also be availablelfbr discrepant material storage. 
d. 	 A receiving dock will be provided that is strategically located and able to handle all 
incoming materials. 
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e. The electrical,power necessary to perform the inspections and/or tests will be­
monitored, rdgulated power. 
f. 	 The receiving inspection area should be enclosed to ensure proper control of mat­
erials and the inspection and/or test cycle. 
g. 	 The work benches, work areas, unpacking, cleaning, and repacking areas should be 
designed and laid out to obtain the best results posdible for in-and-out flow of items 
through the receiving inspection operation. 
h. 	 Handling equipment to meet the requirements of nkoving hardware about the contrac­
tor's receiving inspection activity. 
i. 	 A p.ckaging area in receiving inspection will provide for unpacking and repackaging 
of h1ardware before and after inspection and/or test. 
j. 	 The packaging area will be able to handle packaging such as, but not limited to, the 
following: 
1'. 	 Lumber and plywood boxes 
2. 	Various wrapping papers 
3. 	 Moisture and vapor-proof barrier (MIL-B-131C) 
4. 	 Cellulose packaging material 
5. 	 Polystyrene cushion material 
6. 	 Packing materials suitable for ETO decontamination 
7. 	 Corrugated containers 
8. 	Desiccant materials 
3.7 	DATA AND REPORT -REQUIREMENTS 
Data and report requirements in the receiving inspection activity will be concerned with the 
designated procedures for the collection, recording, coding, storage, and dissemination of 
measurement data, the reports necessary to document satisfactory or unsatisfactory con­
ditions that may exist, and the porrective action to be requested and input to the Data 
System. The data and report requirements serve to support the documentation require­
ments contained in NASA Quality Tublication NPC 200-2 (Reference 3-2). 
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The contractor shall maintain records of inspections and/or test data performed throughout 
the entire receiving insp6 ction activity. These records will provide evidence that the required 
tests and inspections have been performed (on parts, compqnents, subassemblies, etc.), and 
shall show identification, inspection and/or tests involved,, number of conforming articles, 
number rejected, number of defects, and basic cause fot rejection. 
This data will be suitable in format, accuracy, completeness, and detail to permit analysis 
and easy retrieval. This data will cover both conforming and rejected items. When data oi 
information arc rcquired to be recorded, the film, tape, or other media will be identified 
with the characteristic measured and any other necessary multiplying factors. When defec­
time or nonconforming articles are involved, the records will include the results of analysi 
and correctiye action taken. 
Narrative comments, recommendations, tabulatidns, or pertinent receiving inspection data 
and a sumnkary of corrective actions will be compiled into a monthly Quality Status Report 
which sh4ll be submitted to the procuring activity. 
3. 7.1 TEST I)ATA 
Test data will be furnished in accordance with NASA Quality Publication NPC 200-2 and other 
applicable standards. This data will include all the trouble, failure, and other measurement 
data associated with receiving inspection of components, units, etc. All test data shall be 
examined, analyzed, and documented so that troubles uncovered in receiving inspection may 
bd brought to the attention of the cognizant quality and design engineering organizations. 
Typical test data reports should indicate, as a minimum, the following; 
a. Indicators of design deficiencies 
~j€ 
b. Corrective and preventive action information to various elements of the contractor's 
organization 
c. Significant quality trends 
d. Complete test history on all articles received 
e. Subcontractor quality ratings and feedback information for design improvement 
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3. 7. 2 'INSPECTION DATA 
Trouble, failure, and quality data on every part and component shall be completely and 
accurately collected, processed, and disseminated for analysis to all pertinent areas within 
the contractor's organization and to the concerned suppliers. The data required will include 
that specified in this section and in Section 21 UO. 
An inspection report or other form will be pr'epared for all items processed by the receiving 
inspection activity. A copy of the report will be attached to all defective items and will 
remain with the item until the defect is corrected or the rework if necessary, is scheduled 
and accomplished. 
Copies of the report will be distributed to the cognizant areas to be used in scheduling rework,I 
preparing failure reports, accumulating reliability data, updating components lists, etc. 
The report information will be compiled, computerized, and disseminated to cognizant 
personnel within the organization on a required; as requested, or regular basis. 
3. 8 RYCEIVING INSPECTION OPERATIONS 
The receiving inspection operations normally performed in support of the manufacture and 
checkoht of an assembled stage are described herein. The objectives and requirements of 
each operation are included. All of the operations are not performed on every part or com­
ponent,but they are applied as deemed appropriate. Because of the magnitude of materials, 
parts, components, etc., which pass through receiving inspection, it is impractical to 
attempt to describe all of the tests which are performed as a part of receiving inspection; 
however, the objectives required of the main categories of inspections are provided. 
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3. , MOA'Nl'LTt1 . FJA''t)N 
3.8.1 1 .Objectives 
The 	objective of the identification task is to control the identities of all components, hard­
ware, and materials which are received by Receiving Inspection. 
3.8.1.2 Requirements 
The 	contrictor shall establish and maintain an inspection stamp control system that will 
include, but not be limited to, the following: 
a. 	 All receipts at the contractor's plant will be clearly identified, and this iden­
tity will be maintained throughout the rec'eiving activity cylele in order that items 
procured undor NASA contract may be readily recognized. This requirement does 
not cover commercial or off-the-shelf material common to other projects, unless 
specified by contract. Raw materials will be identified at the receiving activity, 
nd this identification will be maintained either on the fabricated article or on 
records traceable to the fabricated articles. All-purchased ariicles released from 
the contractor's receiving inspection will be clearlyr identified to indicate conform­
ance or rejection. 
b. 	 Stamps, decals, ete°, will be designated to identify that the articles have under­
,gone receiving inspection and/or tests. !Articles that have been rejected or are 
,being held for MRB*action need not be stamped, but the reject or withhold stamp 
Iwill 	be applied to the hold tag or other documentation as appropriate. 
c. 	 Each stamp will be traceable to the individual responsible for its use, and records 
will be maintained to identify individuals with specific inspection or test stamps. 
d. 	 Stamps indicating that inspections have been performed will be applied directly to 
conforming articles, unless this is impractical because of physical limitations of 
the article. In this case, stamps should be applied to tags, cards, labels, etco, 
attached to individual articles as practical. 
e. 	 Stamp designs will not resemble Government Inspection Stamps. Ink should not 
be biologically nuti itive 
3.8.2 VISUAL ANALYSES 
3.8.2.1 -Objectives 
The 	objective of the visual analysis task is to assure that all incoming hardware and mater­
ials 	arrive with no physical damage and that each item is properly identified and packaged. 
*Materials Review Board 
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3. 802.2 Requirements 
To accomplish these objectives, the receiving :inspection activity will visually inspect, but 
will nbt be restricted to, the following items: 
a. 	 Shipping containers for transit or handling damage 
b. 	 Hardware or materials for improper handling or packaging 
c, 	 Hardware or materials for proper workmanship, nicks, scratches, cracks, dents, 
tool marks, discoloration, or any other defects that may render the items unsuit­
able for the intended use 
d. 	 Proper documentation and paper work as required 
The activity will document any discrepancies on the report prescribed in Section 3. 7.2, 
"Inspection Data. " Procedures will be established for handling material which has been 
damaged. 
Each part and its shipping container will be visually inspected and identified in an estab­
lished and uniform method of inspection. 
3.8.3 DIMENSIONAL ANALYSES 
3.8.3.1 Objectives 
The objectives of dimensional analysis are to assure that the dimensions on all incoming 
hardware and materials match the dimensions on the drawings which were specified by the 
purchase order.
 
3.8. 3.2 Requirements 
Detailed receiving inspection planning will be accomplished in order to point out the critical 
areas of any items to be inspected. 
The format to be used for dimensional analysis will point out the dimension to be measured 
and the telerance allowed, the drawing, -and locatin and the type of measuring equipment to 
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be used. urehaso order requirements, catalogs, drawings, and specifications will be 
researched to determine the dimensions to be Inspected,. 
All critical dimensions will be inspected to the listed dimensions on the inspection instruc­
tions. These dimensions will not be construed as the only dimensions to be checked. The 
remaining drawing requirements will be checked on a frequency basis which is sufficient to 
assure that the parts comply with the specifications and drawing requirements. 
3.804 NQNDESTRUCTIVE TESTING 
3.8.4.1 iObiectives 
The objectives of nondestructive testing are to obtain quality-verification when other inspec­
tion is inpractical or inadequate. 
3.8.4.2- Requirements 
In order to accomplish these objectives, at least the following methods, when necessary, 
will be used: 
a. X-ray 
b. Microscope 
c. Fluoroscope 
d. P ressure 
e: Leak 
f. -Magnetic particle 
g. 4ygio 
h. Ultrasonic 
i. Microbiological assay 
3-12 
When these or similar inspection methods are necessary, sampling plans can be used if 
they are in accordance with Program flequirem~nts. 
These tests can be accomplished within the contractor's facilities or in any approved sub­
contractor laboratory. 
Proper documentation of these tests will be maintained by the contractor and will be made 
available to the cognizant NASA representative. 
3.8.5 PHYSICAL OR CHEMICAL PROPERTIES ANALYSIS 
3.8. 5..1 Objectives 
The objectives of the physical or chemical properties analysis are to verify that the mater­
ials have the prdperties specified by the procurement document. 
3.8. 5.2 Requirements 
Chemical and ohysical testing will be used when necessary to verify quantitative, qualitative, 
and/or ' physical properties of the material or article. When the nature of the material or 
article does not lend itself easily to assuring the receiving inspection activity that the com­
plete quality requirements are met, chemical and physical tests as necessary will be used 
to verify quality requirements. Test specimens may be required with purchased articles 
for tests.
 
3.8.6 STERILITY AND CONTAMINATION ANALYSES 
3. 8. 6. 1 Objectives 
The objective of Lhe sterility and contamination analyses is to verify that the materials and 
supplies boniorm to the specifications, standards, and other sterility requirements. 
3. 8. 6. 2 Requirements 
Contamination and sterility-verifications will be uspd when required to verify the biological 
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load of received materials and supplies._ Sterile hardware and. supplies do not really lend 
themselves to normal receiving inspection because any break into the protective package 
increases the probability of recontamination. Thus, sterility will normally be verified 
through vendor certifications, vendor surveillance, and controlled samples. The micro­
biologist will process controlled samples with bioassays to verify sterility of the biological 
test supplies such as agar, petri dishes, etc. and any contamination; i.e., nonconformance 
will be reported to receiving inspection at the time of such inspection. 
3.8. 7 DESTRUCTIVE TESTING 
3.8. 7.1 Objectives 
The objectives of destructive testing are to determine that (1) the design limits and perfor­
mance parameters have been met by testing a representative sample to destruction, (2) saf­
ety requirements have been met by testing a representative sample to destruction, and (3) 
the point of failure compares reasonably with the predicted value. In some cases, the object­
ives of destructive testing may be the investigation of failures, unsatisfactory conditions, 
and/or proilhem areas. 
1 
3.3.7.2 Requirements
 
Qualitative and quantitntive data selected from destructive testing shall be made available
 
upon request to the procuring activity. Destructive tests include, but are not limited to,
 
the followir :
 
a. TeInsion testing 
I
 
b. Compression testing 
c. Flexural testing 
d. Trtnsverse bending testing 
a. Bond testing 
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Direct-shear testing 
g. Torsion testing 
h. Notched-bar impact testing 
i. Hardness testing 
j. Fatigue testing 
k. Wear (abrasion) resistance 
1. Pulverizing (check for buried microorganism) 
3.8.8 ELECTRICAL PARTS ANALYSES 
3. 8. 8. 1 Objectives
 
The objectives of the electrical parts analyses are to assure that all electrical parts have
 
acceptable electrical characteristics andthat they will perform the function for which they
 
are intended.
 
3. 8. 8. 2 Requirements
 
In order to meet these objectives, the following requirements will be met:
 
a. All electrical parameters will be tested. 
b. Other design characteristics will be bhecked. 
c. All functional requirements will be tested. 
3. 8. 9 MECHANICAL PARTS ANALYSES 
3. 8. 9. 1 Objectives 
The objectives of the mechanical parts analyses are to assure that all parts will perform the 
functions Iwhich have been specified. 
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3.8.9. 2 Requiremnents 
All mechanical parts will be inspected visually and measurements and tests will be con­
ducted as required to assure satisfactory quality. These measurements and tests may includ 
a combination of inspection, nondestructive testing, destructive testing or electrical testing­
and will be conducted in accordance with procedures. 
All mechanical parts will be tested at the contractor's plant. The contractor's receiving 
inspection fuiction will-verify that the specifications called for are met and the item can 
perform in the area of its intended use. 
3.8. 10 CONTROL OF DOCUMENTATION 
3.8.10. 1 Objectives 
The objectives of documentation control are to ensure that all prerequisite documentation 
meets the requirements of a control system. 
3.8. 10.2 BRquirements 
The requirements of this system will be provided'by the contractor to ensure control of all 
documents affecting the quality program and incorporation of changes throughout the receiving 
inspection activity. These documents include quality control procedures, specifications, 
procurement documents, engineering notices, and any similar documents. These documents 
will be distributed to the proper points and at the proper times in order that all test and 
inspection will be accomplished in accordance with the latest applicable documents.- The 
system will also provide (1) for the prompt removal of all obsolete dochmentation from 
operating areas and (2) that quality personnel review all changes to determine their effect 
upon the q iality of the fabricated articles and their effect on quality plan for the receivifig 
activity. 
The contractor will clearly define the effectivity point of all changes, except those which 
affept only presentation of information on a document and do not affect materials, fabrication, 
or performance. The contractor will assure that changes are accomplished on the affected 
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articles at an appropriate point, and that the changed articles are appropriately marked dr 
identified and applicable documents are revisedlaccordingly. Provisions will be made 
for adequate and timely inspection and test of all changed articles. 
3.9 	 REFERENCES 
3-1 	"Space Vehicle Stage Analysis and Checkout Guidelines, " NASA, George C. Marshall 
Space Flight Center Publication SR-QUAL-64-13, May 1964. 
3-2 "Quality Program Provisions for Space System Contractors, " NASA Quality Plublic­
ation NPC 200-2. Anril 1962. 
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SECTION 4
 
ASSEMBLY AND CHECKOUT
 
4.1 INTRODUCTION 
This section covers the quality assurance philosophy and requirements for the assembly and 
checkout of a spacecraft to be sterilized by heating, The basic philosophy followed in these 
procedures is (1) piece parts will be fabricated by conventional (nonbioclean) methods; 
(2) piece parts will be decontaminated or sterilized before their use in higher subassemblies;­
(3) these subassemblics will be fabricated using special procedures usually not requiring 
clean room assembly; (d) major assemblies will be fabricated in clean rooms if the complexity 
warrants the control; and finally (5) spacecraft will be assembled in a bioclean room. The 
pyramidal or building block philosophy to testing and checkout will be utilized; i. e., each 
level of assembly will be chocked through a series of rigorous and comprehensive tests 
beford being assembled into the next higher assembly. At several points in the test and 
checkout phases and before assembly into the next high assembly, the hardware will be 
biolog cally assayed.and the results compared to those predicted by the biological burden 
accumulation math model. If those predicted levels-are exceeded, then the hardware will 
be decontaminated and/or other disposition will be made by the Contamination Review Board 
(CRB,.see Section 2.12). 
In keeping with the basic philosophy of this Manal, normal aerospace procedures will not 
be dis6ussed except where necessary for clarification, The basic philosophy of fabrication 
analysis requires analyses of new materials,' surveillance and control of manufacturing 
processes and environments, and an inspection of hardware. This philosophy is'unchanged 
for fabrication of a spacecraft to be sterilized by heating. -This fabrication analysis consists 
of thorough inspection of the completed part or item, a clos monitoring of the fabrication 
operation, a check of the materials used, in analysis of the required environmental condi­
tions, and, in some instances, 'production 'samples andsubsequent destructive testing of 
these samples. Subassembly, -assembly and end-item. checkout can be accomplished in an 
expedieht manner only if the fabrication and associated testing has been properly performed. 
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Because of the complexity and 'expense of large spacecraft, a thorough checkout of all 
components and subassemblies must be performed before incorporation into the spacecraft. 
This production testing is necessary to ensure that adequate manufacturing procedures were 
utilized to produce an acceptable component or subassembly, and that no degradation has 
occurred. This also minimizes costand test, time Irequired on the assembled spacecraft 
by assuring that the subassemblies have been correctly manufactured and assembled. It 
permits test and analysis to be performed which dannot be performed at the next higher 
assembly. Thus, the checkout of the assembled spacecraft can proceed without being com­
plicated or delayed by problems which could have been solved more expeditiously at the 
subassembly level. 
The type of assembly facility, the clean room status of major test facilities, and the need 
for such facilities will be determined by the project management and the NASA Planetary 
Quarantine Officer at the time such activities arecplanned. Presently, it appears that major 
systems tests can be performed in' conventional facities with personnel controls and con­
trolled handling and packaging, This implies that, 'whenever possible, systems tests are 
performed in clean rooms, but that conventional facilities can also be ,used. Personnel 
controls necessary for such activity include the prohibition of bare-hand contacts, reduction 
of number of people in contact with spacecraft, and similar safeguards. Controlled packag­
ing include complete coverage of spacecraft with plastic sheets before leaving clean room 
and removal of this cover only as required by test. Complete removal requires proper 
handling of biastic cover if reuse is contemplated (Ref. 4-6). 
,I. 2 GENERAL OBJECTIVES 
The guidelines contained in this section are intended to aid in achieving the required reli­
ability of the spacecraft systems. In order to avoid excessively long sterilization periods 
which may adversely affect the reliability of the space vehicle, it is neessary to perform 
assembly and test of the spacecraft in a manner which will result in a low biological popu­
lation before tqrminal sterilization. This requirement fundamentally affects, all manufacturing, 
assembly, and 'test operations, thus affecting associated quality assurance requirements. 
Figure 4-1 shows a typical flow plan as used by JPL (Reference 4-7). 
The basic objective of this section is to provide guidelineg to the additional quality assurance 
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activity required for the assembly and test of a spAcecraft to be sterilized by heating. It 
is assumed that the quality requirements of NPC-200-2 (Reference 4-2), SR-QUAL -64-12 
(Reference 4-3) or equivalent are applicable, but Aeed to be supplemented by the material 
contained in this Manual. 
The guiding consideration in developing quality assurance procedures for the manufacture 
and assembly of sterilizable spacecraft is to introduce bioclean procedures as late in the 
assembly flow as possible, consistent with keeping the biological population at a sufficiently 
low level' The advantages of these guidelines are: 
a. Maximrnum use of conventional aerospace procedures 
b. Reduction in the number of people and organizations that must employ bioclean 
procedures 
c. Shortening of the time span during which the biocleanliness of parts must be protected 
d. Reduction in the number of tests to be performed on bioclean hardware 
e. Eeduction in cost 
4.3 GIIID2 LINES 
The general guidelines contained in this Section are intended to supplement those presented 
in nonbioldgically controlled assembly and checkout procedures such as SR -QUAL-64-13 
(Referencel4-3). Whenever specific guidelines are not provided, the philosophy of approach 
expressed fn1Sections 1, 2, and 6 of this Manual shall be deemed sufficient for guidance 
unless specific NASA policies and procedures exist. 
The microbiological procedures of Reference 4-4 and standard operating procedures covered 
in Referenc'<4-5 as well as in Section 6 of this Manual shall be considered guidelines. When 
a specific program is established, detailed procedures, samples of which are shown in 
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Section 6, must be established and controlled. The functional reliability and microbiological 
control must be analyzed continually to achieve a suitable balance of acceptable quality pto­
cedures in the assembly and checkout of hardware. 
Consideration shall be given to the reasons for assembly analysis. The mere ability of an 
item to perform a function is not the criterion for acceptance. Ability to perform its funje­
tion when required and in the proper mode is the importantfitem. Thus, engineering eval­
uations of the t6st results arc required in conjunction with biological contamination control. 
Visual monitoring of activities shall be conducted as decribed in Section 2.12. 4 utilizing 
inspectors ,and closed circuit television. When a question of a contamination violation 
occurs, t1e following procedures apply: 
a. 'All test data obtained during assembly analysis and checkout must be recorded and 
adequate records of this data must be maintained. Data obtained shall be used toform a testing history of each assembly. Data processing will be organized to the 
imaxinum extent to ensure that the data is available and utilized in the preparation 
of required reports. 
b. Vendor data will not be accepted in lieu of testing. 
c. 	 Components utilized in major assemblies must be accompanied by their doculnen­
tation and certification. 
d. 	 Testing shall be performed with adequate lead time to allow for microbiological 
assay completion. 
c. 	 A complete log of all events and defects or violations must be maintained to assure 
an adequate input to the data bank. This is in addition to a. above. 
f. 	 The procedures and linitations of clean room facilities must be observed and con­
sidered In any assembly and test plans. 
g. 	 The acccssibilty of majo- assemblies before, during and after test for the purpose 
of microbiological assayA shall be reviewed with the microbiology team before 
start of a major assermb y or test. 
h. 	 Whenever the spacecraft/lander or any of its subsystems are not actively worked 
upon, it is desirab le to Spver the surfaces with clean (sterile) polyethylene or sim­
ilar films to prevent fallout accumulation, personnel contact and other sources of 
contamination. 
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.	 Whien work is being performed on the spacecraft, those p6rtions which are not 
rdquired for access shall bb covered with clean (sterile) films to prevent con­
tamination. 
j. Personnel procedures must be observed. They are discussed in Section 4. 6. 
4.4 RECOMMENDED PROCEDURES 
The maintenance of,8 articulate and biological cldanliness at the system level depends on 
the propc cleaning and packaging of'tbe component and subsystems. As the assembly pro­
coeds, the degree of cleanliness can degrade because of processes anq handling. In order 
to eliminate or at least reduce the microbial burden buildup; detailed procedures, bio­
assay monitoring and contamination preventing safeguards are required. The types of 
subsystems and components likely to create the most difficult problems are those used 
for the storage, transmission and utilization of gases and liquids,- electromechanical­
equipment, and certain electrical or mechanical subsystems. 
4.4. 1 PNEUMATIC AND HYDRAULIC SYSTEMS 
The end u~sc of this pneumatic or hydraulic hardware necessitates a higher order of parti­
culate ch.anlinoss than many other types of hardwatre, thus the additional requirements 
imposed 1by sterilization can be minimal, depending on the fluids, method of charging of 
a system and inserton prior to or after terminal sterilization. System cleaning is gener­
ally limitdd to gas purging with nitrogen because organic solvIents attack the 0-ring 
lubricantst Because nitrogen purging, by itself, is not very effective in reducing the bio­
logical load, contamination of assembled system must be avoided ,. Hot, dry nitrogen 
purge combined with vibration has been found to reduce significantly the amount of conta­
mination and should be used if required.­
'ypical hardware for the containment and control of gases and fluids includes tubing, 
fittings, valves, regulators, nozzles, tanks, and filters. Withthe exception of the tubing, 
tanks, and littings, these components are normally cleaned, assembled, tested, and pack­
aged in a eontrolled environment. 
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The 	handling of fluids andfluid subsystems for 6 spacecraft to be sterilized by heating is I 
an area in which considerable developmental work is required. For example, the insertion 
of ster-ile fluids into a previously sterilized system without introducing-viable 	organisms t 
still 	is a problem area. The use of fluid filtratjon devices without risking back-contamina­
tion 	as. well as the choice of a suitable filtration method itself also need further work. 
These items must be considered by a potential planetary lander contractor. 
In order to show a baseline requirement the- following is provided. In the conduct of 
operations the work station, fixtures, etc., should be decontaminated by wiping with a 
disinfectant. Using decontaminated fluids for test will also aid in maintaining a low bio­
logical load. The following hydraulic system checkout and analysis procedure (Sections 
5. 10.2 through 5. 10.2 . 2- from SR QUAI 1- 64-13, Reference 4-3) shows an example of
 
the "ormal" requirements.
 
"5.10.2 1-IYDRAULIC SYSTEM 
Hydraulic system testing medium and all components required to contain pressures Will 
be!completely checked. Cleanliness level of the testing medium must be controlled to 
avoid contamination of components to be tested with the medium. Monitoring of com­
ponents contamination will also be conducted. All components (and their mating surfaces) 
must be leak and functionally checked to assure their capability to fulfill their test and 
mission requirements. 
I1 10.2.1 FluidAnalys 
"5. 10.2. 1. 1 Objectives 
lihe' purpose of these tests is to determine for control, the "level of particle contamin­
ation in clean room atmospheres, compressed gases, and hydraulic fluids utilized for 
testing purposed in hydraulic subassemblies. Particle contamination in these fluids 
can cause contamination in components tested and subsequent failure of the components 
or- system to function properly. 
"5.10.2.1.2 Requirements
 
The following requirements will be met:
 
a. 	 A blank sample count of contamination will be conducted on test equipment and test 
meclia before any tests are conducted. 
b. 	 Test equipment will be cleaned using flowing filtered solvent after each test is 
completed. 
c. 	 Clea',1 room environment must be sampled in the vicinity of the test equipment twice 
daily. 	 Results must be recorded and plotted fTr comparison. 
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d. 	 Clean room envoronment contamination level limits will be defined specified by the 
procuring activity. 
e. 	 All test equipment must be cleaned, assembled, and disassembled in the clean room 
f. 	 All test equipment will be properly protected and stored in the clean room when not 
in use. 
g. 	 Sample connection points "will be purged ior a duration and rate applicable to the 
hardware being checked. 
All particle counting will be 100 percent or absolute. Counts can result in mis­
leading and incorrect particle tabulations and must not be used. 
i. 	 Compressed gas contamination level limits must be established and will not exceed 
the limits established by the procuring activity. 
j. 	 Results that indicate grossly contaminated systems and components will require
 
disassembly and cleaning.
 
k. 	 Hydraulic fluid and hydraulic components will be contamination tested for particles 
in ranges established by the procuring activity and compatible with system design 
requirements. Hydraulic fluid will be filtered in accordance with approved methods 
until a satisfactory cleanliness level is obtained. 
1. 	 A blank analysis will be conducted on all hydraulic fluid contamination test equip­
ment before any tests are conducted, This will determine the amount of contamin­
atilon being introduced by the test equipment. 
M. 	 Fluid to be tested will be obtained from reservoirs only after sufficient fluid has
 
flowod through the outlet to insure that the fluid has not been contaminated by the
 
reservoir outlet.
 
n. 	 Fluid must be agitated thoroughly before a test to insure that all solid particles are 
in suspension. 
o. 	 If gross contaminations are encountered during hydraulic fluid tests, statistical
 
methods may be utilized to determine contamination level.
 
p. 	 Photographs may be employed to illustrate and emphasize certain samples when a 
permanent record is desired. 
q. 	 Hydraulic fluid contamination level specification must be established and must not 
cxclecd the limits established by the procuring activity. 
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5. i0.2.2.1 Objcctivc 
Thc purposc of thcsc tcsts is to functionally check all  components of the hydraulic sybtem 
that must function undcr contained hydraulic pressures. ~ h e s e . a ? e  testetl bath for 
functional capability and cleanliness.. 
1 
"5; 10 .2 .2 .2  Requirements 
The following requirements will be met: 
a. Al l  conlponents will be inspected for protective coverings, certification of previous 
, proof prcssurc test, and cleanliness. 
b. Component fittings and Pares  will bd inspected before and after testing to determine 
, 
any dnningc which may have occuri-cd during testing. 
c. All filtcr clemcnts will be inspected for deformation o r  other unacceptable qual- 
ities. Unacceptable elements shall be replaced. 
d. Components,will bc lcak chccltcd and observed for deformation. . Oil will be the 
working medium and test  will be performed a t  working pressure. Adequate safety 
equipmcnt and practices wil l  be employed to protect against hazards-associated with 
testing components under high prcssurc. All valves must be tested to determine 
cracking and seating pressure. 
Thc possibility of internal lealiagc of all  system valve seats, "0" rings, etc., 
: must be checked. 
1 
I 
f. h ~ i u p s  will be checked for ,contamination, operating prcssure, flow, rate, and I 
! lenltagc. 
i 
g. llydraulic packngc :~ssc!nblics will bc fy'nctionally checked. Contamhlation, switch 
opcration, relic1 valvc opcration, and pump operation will be monitored.. 
11; A lcak chcck of :dl conncctiolis and mating surfaces in thc hydraulic system will 
bc concluctcd. . . 
i. : .A clcarance check will be madc around the engine While moving the engine to-see 
i that no obstructions prcvent'its full travel. 
j. ' A stcp response test- to check the ra te  of travel of the actuator system will be 
conductcd. . . 
, 
k. A position linearity check of the commgnd signal versus the actuator posit'ion is 
required. " 
4.4.2 	 E JCCT1ROMECHIAN ICAIJ EQUI lMEN'I? 
tape recorders, Instrunents andEloctromehanftal hardware like motors, gyroscopes, 
eon normally be assembled and tested using standard practices; however, withantennas 
additional control of personnel and handling facilities. In the case of bearings, lubricants 
pi'ovide an excellent site for bacterial growtb- there'fore, decontamination and sealed' 
Frequent bioassays and contaminationpackaging are extremely important for such devices. 
data analysis are required. 
4.4.3, ELECTRICAL SYSTEMS 
Electrical 'components and subsystems such as printed circuits, modules, black boxes, 
relays, ha.rncsses, etc., can generally be assembled and tested using standard aerospace 
practices with additonal cleaning and handling controls required in some cases. Electronic 
modules were found to be at satisfactory contamination levels by the additon of a disinfectant 
like phenol in rinse solution used in standard process. After fabrication and bench test, the 
modules should be stored in sealed packaging and handled with gloved hands. Also, the test 
equipment which comes in contact with the module should be disinfected before use. (Ref 4-1) 
Electronic blaok boxes should be assembled at clean work stations, using decontaminated 
parts and gloves. After assembly, the black boxes should be stored and tested in sealed 
protective packaging whenever possible. Most tests can be performed with the electronic 
black box in the protective packaging if the package design is such that all interfaces are 
accessible.' All mating and domating of the connecting 	harnesses should be performed 
through protective connectors (extension) which can be 	removed leaving the hardware con­
ncction clean. Vibration and acceleration testing, etc., can also be perforihed with the 
packaging intact. Other tests like thermal vacuum and 	acoustic noise may require the 
removal of the protective covering. When this is the case, the hardware should be pro­
tocted by all personnel wearing protective clothing, 'gloves, face masks, etc. Standard­
bioassay requirements apply. 
4.4.4 MECkANICAL SYSTEMS 
The mechanical systems like the structure, honeycomb and pyrotechnic devices can be fab­
ricated using normal practices and decontaminated, by heat sterilization before-use. Para­
chutes, on the other hand, must be fabricated using special handling and materials. Thus 
all handling of parachutes shall require additional controls and the test of the actual flight 
unit must be curtailed to prevent contamination. 
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Thorma t systenis such as thernizil insulation, thbrmal coatings and heat shields require no 
special "consideration. Normal fabrication techniques with subsequent decontamination will 
reduce the biological burden to satisfactory levels. Active thermal control systems 
require more stringent procedures. Most testing and analysis on these types of ma­
terials is normally performed using test samples and will have no effect on the con­
tamination level of the finished product. 
4.4.5 ;FINAL ASSEMBLY 
Final assembly of heat sterilizable spaccraft currently requires a Class 100 clean room( 
Recentlexperience has indicated that comparable low contamination levels can be achieved 
in a less critical environment. All subassemblies will be decontaminated before 
being brought into the clean room. Quality assurance must obtain themicrobiological 
spore strips from the decontaminated hardware and sumit them for analysis. No 
hardwa'e can be installed on the vehicle until the biological load of that hardware is 
known imd the results are compatible with. those necessary at that point based on the 
mathenmatical model. Bioassays will also be taken at the interfaces at the time of 
installation. All functional and other tests which can be performed in this cledn room 
I 
should be performed there. Tests requiring special facilities like vibration thermal 
vacuum, etc., will require that the spacecraft be transported to these test facilities. 
The spacecraft shall be packaged in a plastic covering and placed in a handling container 
before remova1 from the clean room. The plastic covering should remain intact when­
ever possible. In sometust conditions it is necessary to remove this covering. When­
ever the covering is removed, the environment around the-spacecraft must be at least 
access-controlled. A cordon- shall be established around the spacecraft and the area 
identified as "off limits" to unauthorized personnel. The covering should be rein-
I 
stalled as soon as possible after the completion of the test activity. (Ref. 4-13) 
Additional checkout an analysis will be required when the spacecraft is mated to the 
canister. This will be discussed in Section 5. 
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4.4.6 BOCUMENTATION 
Records of all inspections, bioassays and test performed throughout the entire fabrication 
assembly and checkout process shall be maintained. The records of the inspections 
and tests performed will provide evidence that the required test, inspections and 
analyses have been performed. The records of the bioassay data and analyses will be 
entered into the data system and can be used to predict the total number of microor­
ganisms on the spacecraft before terminal sterilization. 
When 4 component or subsystem is received for testifng, 'it must be accompanied by a 
record (travel card) showing the part number, serial number, nomenclature, man­
ufactuter and status. This record shall have a stamp affixed to show that the component 
or subystcm has passed all preceding inspections and the present contamination level. 
Also accompanying the component or subsystem should be the test data from any previous 
testing and any calibration curves. 
If the hardware has previously been decontaminated, then the integrity of the packaging 
shall be checked before the unit is removed for assembly or test. Before assembly, 
biological assay samples (swabs) will be taken from the interface of mating surfaces. 
After thb testing is performed, the test data must be gathered and evaluated and the 
test results and dispostion reported to all interested parties. If the component or 
subsysteh is rejected or contaminated, a nonconformance reportrnust be generated. 
After th&'discrepancy has been determined and resolve, a report'of this activity must 
accompany the unit back into the system. 
Failure analysis will be conducted and a report issued on the component which fail 
to meet a eritical specification including contamination or when the test data indicates 
faulty design. This report will include an evaluation of the failure and recommended 
corrective actions required to avoid further failures of this nature. 
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Such data should be compatible with the requirements of an integrated data storeage 
and retrieveal plan (data bank). The integrated data storage and retrieval plan will 
support the analytical functions associated with the evaluation of the test and biological 
data. 
4.5 FACILITIES 
The facilities Will be designed to fulfill the requirements of the test, inspection and 
analysis program. Special facilitels are required for the manufacture and assembly 
of bioclean spacecraft (References 4-8, 4-9). Foremost amoung these are controlled 
environment facilities; i.e., clean rooms, clean enclosures, and clean work stations. 
The monitoring of the control of these facilities will be the responsibility of the quality 
assurance operation. 
Tabl'o 4-1 shows guidelines to achieve these cleanliness levets (Reference 4-9)' Tablei 
4-2 'shows similar data for bioclean rooms (Reference 4-8). Clean rooms and'enclosures 
are 6lassified by the quantity of airborne particles that they contain per unit volume. 
FederaltStandard 209a (Reference 4-9) classifies clean rooms by the number of particles 
0. 5 micron or larger present in a cubic foot of air. The particulate level and the number 
of airborne microorganisms must be controlled by filtering the incoming air and by limit­
ing the generation of particles within the area. 
Th ccleanliness levels of the final assembly'facilities ' must be established and certified 
bcforc flight hardware manufacturing operations may be performed in them. Table 4-3 
suimma rizes recommended procedures. 
The Pnain source of contamination in a controlled environment is people. Thus, the access 
of unauthorized and untrained personnel to the work area must be limited and controlled. 
Contact with the human hand is a major source of biological contamination of hardware, 
and extensive precautions should be taken to eliminate as much of this contamination as 
possible (Reference 4-10). This can be achieved by careful design of tools and fixtures and 
by wearing sterile gloves and other protective'garments (see Figures 4-2 and 4-3). 
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The succUss of a hIoclcan hardware program depends more on humans than on facilities, 
because man is the biggest generator of microorganisms on aerospace parts. It is therefore, 
essentialto reduce, as much as possible, the transfer of these organisms from humans to 
hardware. To achieve this goal, the observance of proper work habits and procedures is 
more critical than the construction of elaborate facilities. 
The NASA Standard for "Clean Rooms and Work.Stations for the Microbially Controlled 
Environnent, " NHB 5340.2 (Reference 4-8), issued August 1967 has been incorporated 
throughout this Section of the Manual. This NASA Standard establishes the cleanliness 
levels which are required before a facility can be certified. A bloclean room is defined' by 
Reference 4-8 as any enclosed area where there is control over viable and nonviable parti­
culates in air with temperature, humidity, -and pressure control as required to maintain 
specified standards for the manufactured produdt. 
The following tables and information present typical contaminant monitoring techniques 
and requirements for which quality assurance personnel will be responsible. 
4.5.1 CLASSES OF CLEAN ROOMS 
Guidelines for achieving differeht degrees of cleanliness in clean rooms are shown in 
Table 4-1 taken from Federal Standard 209a (Reference 4.9), and Table 4-2 covering 
microbiological cleanliness taken from Reference 4-8. 
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Table 4-3. Certification of Final Assembly Facilities 
ITEM PROPERTI TECHNCIQUE OR INSTRUMENT----- REQLIREMENT SAMPLING REFERENCES 
Total Particulate Light scattering principle Maximum 100 particles/ft 3 As required b) the NASA Standard NHB 5340.2 
Contamination (3.5 'iters) : 0. 5 micron contractual document 5.1.1 and 5.2.1 
Viable (Microbial) Volumecric samples Maximum I organism/10 ft3 * Minimum of 3 samples NASA StandardNhB 5340.2 
Contamination (0.035/10 liters) after installation of 5.1 1 and 5.2.1 
filters and prior to NASA Standard NUB 5340 1 
assembly operations on Procedure No. 1 
flight hardware 
Air * Samples to be taken at 
working level, using 
I eLin for 60 minutes 
* Incubation at 320 C for 
72 hours 
Velocity Velometer 90 ± 2) ft/mm minimuin Federal Standard 209a, 
average 40.2.12 
NASA Standard NHB 5340.2, 
4 2.12 
Temperature Thermometer or thermocouple Average to be within range Federal Standard 209a, 
of 670F to 77 F 30.2' 
+ 50 F in less critical areas NASA Standard NUfB 5340.2. 
10.5 Fin critical areas 30.2 
Relative Humidity Humidistat 45% maximum Federal Standard 209a, 4.7 
NASA Standard NUB 5340.2. 
30.3 
Leaks - Scan HEPA** filter surface An aerosol photometer * Sample each filter Federal Standard 209a. 50.1 
using an aerosol smoke reading 0.01% of the separately prior to NASA Standard NHB 5340.2, 
photometer and DOP upstream smoke Is installation 501.1 
HEPA-- considered a leak and * Scan the filter frame 
FilterBanks must be sealed off. after installation of 
filters 
Viable Contamination Not Specified Not Specified Not Specified Not Specified 
Viable (Microbial) I x 2 inch settling strip, Maximum 1, 200 organisms/ - 6 strips to be removed NASA Standard NHB 5340.2. 
Surfaces Contamination Rodac plate, Cotton swab ft 2 (12, 000/M 2 ) and assayed from each 5.1.1 
carrier tray per NASA Standard NHB 5340.1. 
sampling interval Procedure No. 1 
a Minimum exposure per 
NASA management 
-"Clean Room and Work Station Requirements, Controlled Environment, 
-- HEPA: High Efficiency Particular Air Filter Units 
Federal Standard 209a, Genera] Services Administration, August 10, 1966 
i-i 
cc 
Figure 4-2. Bioclean Assembly and Tools 
Figure 4-3. Bioclean Assembly 
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4.5.2 MONITOIING TECINIQUES 
Clean rooms or clean enclosures used to prevent or reduce contamination must be continu­
ously or intermittently monitored for airborne contaminants. Principal methods for 
monitoring particulates are shown in Table 4-4. Techniques for microbiological conta­
mination monitoring are described in Reference 4-8 and summarized in Table 4-3, A 
major problem with biological monitoring is the time lag required for specimens to incu­
bate before growth can be visually determined. This is not a problem with the devices 
shown in "l'bhe4-4. Optimum placement within a room or enclosure is required to relate 
the measurements with actual room conditions. 
Methods of monitoring the level of biological contamination of hardware during various 
stages of assembly and test are shown in Table 4-5. 
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iable 4-4. Airborne Contaminant Monitoring 
lt-tod P~rinciple T sp, Comment "enmrk 
111. 1 
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Collection 
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Typical instruments for the monitoring of biological contamination are shown in Figure 
4-4. The Andersen sieve sampler permits the determination of the size of the contamih 
nants. The Reyniers slit sampler shows a time record of the occurrence of contami­
nation. Both instruments draw in forced air streams and deposit the biological conta­
minants contained in them on nutrient plates which are subsequently incubated for 2 to 5 
days. Fallout plates rely on the gravitational movement of microbiological particles, 
either directly on a nutrient plate (Petri dish) or on stainless steel plates which are sub­
sequently rinsed off and the rinse incubated. 
stA 
4m 
Figure 4-4. Instruments for Monitoring Contaminants 
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The following material taken from NHB 5340.2 (Reference 4-8), states some of the NASA 
Standard recommendations for environmental conditions in bioclean facilities. 
I 
"ENVIRONMENTAL CONDITIONS 
"AIRBORNE PARTICLE COUNTING. Airborne particle concentrations, viable and 
non-viable, should be measured at representative locations in the bioclean-room or 
work station. It is necessary to recognize that the differences between non-laminar, 
laminar airflow, and microbial barrier systems lead to different measuring techni­
ques. For example, any contamination generated" in non-laminar flow rooms or 
work stations tends to be diffused over the entire work area generally,, thus airborne 
particle counts will be fairly uniform through the whole work area. Air samuples 
therefore should be taken at work height level and in the general work activity areas. 
"In laminar flow devices, however, any airborne contamination released into the 
work area will follow the air stream path toward the exit, therefore, contamination 
levels in these devices will vary to a marked degree from air-cleanliness class 
1Q0 to the specific contamination, level downstream of the dirtiest operation. Thus, 
in a laminar flow facility the sample of air should be taken from the air as it ap­
pioaches the work activity area of interest. Particles count should be taken at work 
height level and in the general work activity areas. 
"RECOMMENDED TEMPERATURE RANGES. Temperatures in the bioclean room 
shpuld be maintained around a mean temperature of 720 F (22. 20 C) for personnel 
comfort with the exception of those laboratories or work areas for which other 
temperatures may be necessary for control of stability of items being fabricated 
or tested or for micro-organisms control in which ca'se 'the mean temperatures 
should be specified. Choice of temperature may be based on the desired die-away 
of)vegetative microorganisms which, when humidity is held 'constant, is directly 
proportional to temperature. The temperature variation at the control point may o 
range from ±O.250F (10. 140C) in the most aritical operations to as much as . 5. 0 F 
4. 5.3 STERILITY INDICATORS 
The ultimate measure of success of a quality assurance program is the ability to deliver 
a sterile spacecraft. Sterility can never be measured directly. Only nonsterility (i.e., 
the presence of viable organisms) is measurable. The best indication of sterility is the 
lack of growth of microorganisms in culture of test samples taken from the item treated. 
This type testing may be destructive and, therefore, many items cannot be tested directly. 
Indicators'.which can be retrieved and tested are widely used as a substitute for testing 
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processed items. The indicators normally employed for sterility checks are processed 
simultaneously with the items being sterilized except for thermometers, thermocouples 
and other temperature-sensing instruments. A guide for the selection of an indicator 
consistent with the sterilization method used is presented below: 
Sterilization Property Under
 
Method Indicator Measure
 
Dry Heat * Thermometer * Temperature 
or 6 Thermocouple Temperature 
Moist Heat o 	Temperature sensitive * Temperature 
- Tapes 
- Paints 
- Labels 
- Crayons 
- Ampules". 
* 	 Bacterial spore strips, Viability 
ampules, atd packets 
Ethylene Oxide 0 Chemical indicators * ETO concentration 
o 	 Spore strips 0 Viability 
Peracetic Acid 0 	 Spore strips:, * Viability 
Filtration * 	 Direct culture of * Viability 
filtrate 
Radiation 	 0 Isotope counting devices 0 Dosage 
O Sensitive chemicals Dosage 
o 	 Bacterial cultures Viability 
4.5. 4 FACILITY MAINTENANCE 
In 	order to rhake contamination control effective, all controlled environment facilities 
require a thorough cleaning and decontamination maintenance program. The experience 
of operators of large clean 	rooms with control of particulate matter shows that most 
janitorial services do 	 more harm than good. It is to be expected that this is even truer 
for 	clean rooms -which include biological controls. Therefore, periodic cleaning services 
should not be performed more often then necessary. The presence of janitorial personnel 
can be reduced by having daily cleaning of each work station performed at the beginning of 
each shift by the operators 	themselves. 
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During the performance of a pilot spacecraft bloeloan assembly by General Electric 
(Reference 4-1),,Janitorial cleaning of the bloclean rooms was limited, and no degradation 
of cleanliness was observed over a period of 6 weeks. RCA, which operates the largest 
existing laminar downflow clean room at Lancaster, Pennsylvania (20, 000 sq ft), has its 
operators wipe their work bench tops with deionized watr; floors are mopped once a week, 
if required, with mops having monofilm fibers (only 40Tp of the floor consists of grating). 
Walls are spot cleaned when necessary, and there is no' periodic cleaning schedule. The 
air flow is 50 ft/min, and the room averages 1. 8 p'articles > 0. 5g/ft of air. This demon­
strates the self-cleaning capability of laminar downflow facilities. 
4.5.5 GLOSSARY 
The following glossary taken from Reference 4-8 explains the most common terms used 
in connection with biologically controlled manufacturing and test facilities. 
"AEROSOL. A suspension of ultramicroscopic solid or liquid particles in air 
or gas. 
"DUST. Any powdered matter fine enough to be easily suspended in air or gas. 
"NON-LAMINAR FLOW BIOCLEAN ROOM. A room characterized by no require­
ment for uniformity of airflow patterns and air velocities. 
"NON-LAMINA'R FLOW BIOCLEAN WORK STATION.. A work station characterized 
by no requirement for uniformity of airflow patterns and air velocities but having 
specific requireitents for control of viable particulates. This includes work stati6ns 
which have constructed air exhaust or ports. 
'LAMINAR AIRFL6W. Airflow in which the entire body of air within a confined 
area moves with uniform velocity along parallel flow lines. 
"LAMINAR FLOW BI CLEAN ROOMS. A room in which the laminar airflow 
characteristics predominate throughout the entire air space, with a minimum 
turbulence, and having specific requirements for the control of viable particulates. 
"LAMINAR FLOW BIOC tEA N WORK STATION. A work station in which the 
laminar airflow characteristics predominate throughout the entire air space, 
with a minimum turbulence, and have specific requirements for the control of 
viable particulates. 
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"HIGH EFFICIENCY PARTICULATE AIR FILTER (IIEPA). MIL-F-51068A specifies 
filters with minimum efficiency of 99.97% determined by the homogeneous Dioctyl
 
Phithalate (DOP) method of air flows of 100% and 20% of the rated flow capacity of
 
the filter. It is referred to as the "HEPA" filter.
 
"FILTER AIR. The air which issues directly from the "HEPA" filter. 
"FIRST WORK LOCATION. The work location first in the path of the filter air. 
"DYNAMIC AIR SAMPLING. The sampling of the air in the air space to obtain
 
the number of airborne particulates and define those particulates carrying viable
 
microorganisms.
 
"FALLOUT SAMPLING. The horizontal placement of sterilized strips in the air 
space for collection of depositied particulates which may have viable microorganisms 
and which have been airborne prior to deposition on the collection surface. 
"MICROBIAL BARRIER SYSTEM. The protection system used to prevent micro­
bial migration and contamination of a product with microorganisms. 
"MICROORGANISMS. Microscopic plants or animals in seven principal groups called 
protozoa, true fungi, mold-like higher bacteria, true bacteria, spirochetes, rickettsiae, 
anId filtrable viruses. 
4.6 PERSONNEL PROCEDURES 
Rigid, yet workable procedures for the behavior of personnel inside clean facilities and near 
clean hardware must be established and observed. These procedures must then be rigorously 
cnforc&d; otherwise, workers lose respect and tend to ignore all procedures which are not 
to their liking. A typical example of entrance and exit procedures during manufacture of 
electronic components In the JPL EASL facility Is shown in Table 4-6 (Reference 4-11). 
Similar procedures will-be required in bioclean assembly areas. 
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Table 4-6. JPL EASL Facility Entrance and Exit Procedures 
Entrance 
1. 	 Enter door outside locker room and remove clean cloth from stack. 
2. 	 Thoroughly wipe top ahd sides of each shoe with this clean cloth. 
3. 	 Discard cloth in designated container. 
4. 	 Clean each shoe in shoe cleaner for a minimum of 20 seconds. 
5. 	 Enter locker room. 
6. 	 Clean finger nails. 
7. 	 Scrub hands to two inches (approximately) above wrist with pllisoHex soap and sterile brush
 
for a minimum period of two minutes.
 
8. 	 Clean shoes on vibration shoe cleaner. 
9. 	 Enter and turn on air shower. 
10. 	 Place hands over head and turn around slowly in air shower for a minimum air wash of 20 seconds. 
11. 	 Enter dressing room. 
12. 	 Don fresh, clean room laundered cap and smock. 
13. 	 Don'breath deflector and obtain package of sterile rubber gloves. 
14. 	 Enter air lock and proceed through to hardware assembly.area. 
15. 	 Donsterile rubber gloves and begin work. 
Exit 
16. 	 Exitthrough Bioassay station. 
Re-!nr 
17. 	 For Ire-entry to hardwarv assembly area, repeat steps 1 through 12. Steps I through 17 above 
Steps'l through 17 above will be witnessed by QA Inspector. Any deviation will be noted. 
NOTE 
For maintenance and/or microbiological work in the laminar downflow room, 
these procedures do not have to be followed, provided the flight hardware 
is not present or is in a covered container. However, a cap and smock must 
be worn, and sterile gloves will be donned prior to entering the air shower 
from the locker room. For work in the dressing room, only sterile gloves 
need be donned prior to entering. 
Janitors will not be required to follow these procedures; their procedure will be: 
a. 	 Use air shower 
li. 	 Don hat and smock 
c. 	 Use gloves that are normally used in the cleaning procedure. 
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The NASA Standard NHB 5340. 2 (Reference 4-8) has listed personnel conduct guidelines, 
which are non-mandatory, but desirable. Some of those operational guidelines are shown 
as follows: 
"Equipment cleaning and decontaminaticn. All equipment should be cleaned and 
decontaminated before being passed into the bioclean environment by dusting, 
vacuuming, washing, dunking, or by suitable means, compatible with the equip­
ment involved. 
"Personnel covering. All personnel sh6uld wear lint-free, non-shedding garments 
in the bioclean area. Head covering which covers the entire head should be used to 
avoid part or component contamination by loose bits of hair or loose skin flakes. 
"Cosmetics. Hand lotions, creams, or soap containing lanolin to tighten skin 
particles should he used as appropriate. Cosmetics and medication which may 
produce contamination should not be permitted. In particular, eye make-up, 
rouge, face powder, and hair spray should not be used and fingernail polish 
should be removed before entering the bioclean area. 
"SmokMng and eating. Under no conditions should smoking or eating be permitted 
in, the bioclean area. 
"Parts handling methods. Gloves, tweezers, or other mechanical barriers to 
prevent contact between skin and hardware should be used while working with or 
handling sensitive parts to avoid contamination of those parts by loose skin, 
microbiota, or natural skin oils. Solvent contact with hands should be avoided, 
as many solvents remove natural skin oils causing excessive "skin peeling" or 
flaking. 
"Paper and writing materials. Paper should be limited to the non-shedding 
type or enclosed in a transparent non-shedding covering when used in the bio­
cldan area. Only ball point pens should be used for writing. Lead pencils 
and erasers should not be permitted in the bioclean area. 
"Custodial eqpipn . All equipment used tp maintain the cleanliness of the 
biotleauinea sbould be stored within the bio'clean area in a manner which 
will prevent accumulation or dispersion of p~rticulates or microbiota on the 
surfaces and reduce particulate shedding when used. Vacuum hoses, electric 
cables, and other flexible conductors should be stored on reels or racks off 
the floor of the bioclean area. Synthetic sponge mops should be hung so that 
the mop head does not touch the floor. se of bristle brushes, steel wool, 
and other particle sheddding materials should not be permitted. 
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"Cleaning operations. Before being transported into the bioclean area, all
 
parts, instruments, materials, and systemp should be cleaned as required
 
to prevent contamination of the room. To prevent direct transfer of conta­
mination, constant surveillance of the established procedures for handling
 
clean parts and assemblies is recommended. Particular attentions should
 
be paid to cleaning operations that are performed in the bioclean room.
 
Ultrasonic cleaners, spray rinses, and volatile immersion baths may re­
lease liquid droplets containing contaminants into the room air. The design
 
of the cleaning equipment, and its location in the room should be selected to
 
minimize this problem. Where practical, contamination producing opera­
tions shouldbe located in adjoining areas, and the work should be passed
 
into the bioclean room without cross contamination after the operation has
 
been performed.
 
"Containers. Transport and storage containers should be made of low particle 
shedding materials. They should also have as rigorous a cleaning schedule 
as the parts or equipment. Care should be taken to ensure that containers 
.used for transporting cleaned parts do not transfer contamination from surface 
to 	surface in the bioclean room." 
In 	addition, Table 4-7 presents rules of conduct to be observed within a Bioclean Facility. 
Table 4-7.- Rules of Conduct Within a Bloclean Facility 
Do's 	 Dent's 
o Report any respiratory or skin ailments 	 * Don't enter any bioclean work area 
to 	the supervisor, with respiratory or skin ailments 
without approval. 
o 	 Follow all entrance and exit procedures. 
* 	 Don't omit any of the steps prescribed 
* 	 Minimize the number and speed of inthe entry and exit procedures. 
motions to avoid air turbulence. This 
is particularly important in a non- 0 Don't create air turbulence with
 
laminar flow facility. unnecessary or hasty movement.
 
* 	 Wear :sterile gloves when handling * Don't handle hardware with ungloved 
bioclean hardware. hands or with gloves that have been 
-contaminated; 
O Avoid contaminating sterile gloves 
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'Pablc ,4-7. Rules of Conduct Within a Bloclean Facility (Cont) 
Do's 
Replace contamined gloves immedi-
ately. 
O 
SWear a mask or shield whenver the face 
is within approximately three feet of the 
hardware. 
* 	 Wear garments as prescribed at all 
tim es. 
* 	 Report any breach of the above rules 
to area supervisor, 
o 	 Enter a bioclean area only when abso-
lutdly necessary. 
o 	 Always obtain approval from the area 
supervisor before entering a bioclean 
facility. 
o 	 Follow manufacturing planning. 
Return accidentally contaminated 
materials to the decontamination 
area or, when necessary, request 
and apply decontamination procedures. 
4.6. 1 PERSONNEL MONITORING 
Dont's 
Don't contaminate sterile gloves by
 
touching exposed parts of the body or
 
other sources of contamination.
 
* 	 Don't touch anything with the conta­
minated gloves. 
Don't cough, breath or sneeze on the 
hardware. 
Don't open or remove garments within 
the 	bioclean area. 
, 	 Don't allow broken rules to go unreported. 
o 	 Do not enter a bioclean facility without 
need. 
* 	 Don't under any circumstances enter a 
bioclean area without approval. 
O 	 Don't deviate from manufacturing planning., 
o 	 Don't use contaminated materials. 
Quality ossu ranco shall verify that all conlamination control procedures for the particular 
operation are followed. Any lircach of the special contamination control procedure shall be 
iminediatclh (h(culnteld on a noniconfornance report and forwarded to the contamination 
control board for disnosiion; 
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During the assembly or test of the spacecraft In the class 100 laminar-downflow clean 
room, qdality assurance will notonly verify that the proper procedures are followed in 
the clean. room but also that the entering and exit 'procedures are followed. Typically, 
Quality Assurance would verify that upon entering/the facility, all personnel cleaned their 
shoes in the rotating brush shoe cleaner, that the personnel sign-in and are on the list of 
authorized personnel. Quality Assurance would verify that all personnel walk on the track­
off mats into the locker room and that all jewelry and undesirable objects are removed from 
the person and placed in a locker. Quality Assurance would ilso verify that the hands are 
thoroughly scrubbed and that the person entering washes and rinses his face, that he 
properly enters the air shower, that he dons fresh, clean smock, cap, face mask, boots, 
and gloves, and that clean garments do not become contaminated by touching the dirty 
floor, etc., while donning it. 
4.6.2 PERSONNEL SELECTION 
The biological contamination control problem on aerospace hardware is essentially a 
personnel pr)blem. Humans are the prime biological contaminators of hardware. Human 
attitudes can negate carefully drawn cleanliness plans. Therefore, no bioclean vehicle is 
better than the workers who build it. These facts should be kept in mind when facilities are 
designed, procedures are devised, monitoring operations are planned, and hardware is 
being built. 'Highly motivated, conscientious, and'reliable workmen should be. used where 
biological cleanliness is required. In addition to the most rigorous procedures and controls, 
the enthusiastic cooperation of all personnel is required to' ensure bioclean hardware. 
Experience has shown that, in the long run, work in a clean room is distasteful to most 
people. In order to produce bioclean hardware in such a facility, an adequate supply of 
labor must be provided. Backup personnel, who must be available, increase the cost of 
production, 
4-36 
A spoial rate structure may be an effective device of maintaining a pool of available labor. 
A system of rotating personnel inside and outside the clean room is advisable to prevent 
complabency and to provide periods of work under less demanding circumstances. Under 
this arrangement, an individual receives two levels of remuneration. During his assign­
ment in the bioclean area he suffers no penalty from reporting legitimate grounds for non­
participation. On the contrary, he would face expulsion from the rotation system and loss 
of the opportunity to earn a higher income if contamination of the hardware were traced 
to his noncooperation. 
Ile would run the risk of permanent assignment to the lower rated nonbioclean operation 
if he habitually misrepresentod his condition of health for the sake of avoiding work in a 
highlycontrolled area. 
Such a system would remove incentive or onus from true reports by a worker on the state 
of his health as it affects the biocleanliness of his work. This is a necessity because, 
otherwise, people may be tempted to hide or invent adverse conditions of health which 
require their exclusion from bioclean work. 
The National Aeronautics and Space Administration is currently sponsoring a series of 
orientation courses for professional technical workers in order to familiarize them with 
Inicrohwiology. Similarly, industry will have to institute training programs for their 
workers in clean rooms and other sensitive areas to familiarize them with-bioclean pro­
cclurcs. Many industrial clean room opcrate rs currontly run such training programs, 
and the proposed bioclean training should be fashioned after them. See Section 1.4.3. 
4. 6.3 PROTECTIVE GAXIIMENTS 
4.6.3. 1 Masks 
Protective garments are the principal means of preventing transfer of contaminants from 
humans to, hardware. Frequent changes of masks are recommended to prevent overloading 
with organisms. 
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4.6.3.2 Gowns
 
An,itemized listing of the effectiveness of uniform types is shown below:
 
a. The conventional surgical gown or smock worn over street clothing does 
little or nothing significant to prevent the escape of bacteria from the body. 
b. The replacement of street clothes with freshly laundered dress does not 
significantly reduce the dispersion of bdcteria. 
c. A two-piece suit divided at the waist, loose and comfortable neckline, and 
open-end short sleeves do not provide inportant sites for the escape of 
skin organisms. 
d. The only escape of bacteria in significant numbers occurs at the ankles. 
e. 	 Tightly woven fabrics with pore radii as small as 10 microns are far more 
effective as filters than standard .fabrics. 
f. 	 Garments rapidly lose effectiveness as filters when they become contaminated. 
(The change of garment with each entrance into the bioclean facility prevents 
saturation.) 
Desirable properties of protective garments are:', 
a. 	 Minimnum of seams. 
b. 	 Loose-fitting to minimize abrasion against underclothing. 
c. 	 Absence of pockets, pleats, tucks, and belts. 
d. 	 Fabricated from fabrics with continuous tilament yarns. 
e. 	 Tight fabric weave, such as herringbone br taffeta. 
f. 	 Minimum generation of static electricity. 
g. Limited linting.
 
h1. Sewed with nonlinting (limited linting) thread.
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Guldolines for laundering clean room garments are listed below: 
a.. Repair all defects before washing. 
b.. Close zippers. 
c. Launder small loads. 
d. Use mild alkaline or neutral soaps or detergents. 
e. Avoid bleaches if possible. 
f. Use temperatures below 140 F. 
g. Eliminate extraction if possible, drip dry instead. 
h. Do not iron. 
4.6.3.3 Footwear 
NASA Standard NHB 5340. 2 (Reference 4-8) stipulates that personnel shall wear lint-free 
nonshedding garments in the bioclean area. These garments serve as a barrier which 
separates the person from the hardware. 
In laminar downflow rooms, any part of the body 3 inches below the spacecraft need not be 
covered. However, if the worker elevates himself so that his lower extremities are above 
the lowest point on the hardware, even the soles must be covered if adequate protection of 
the hardware from the biological contamination is to be achieved. 
Because footvenr used in a bioclean facility should remain in the decontaminated area, 
sneakers, tennis shoes, or some other type rubber-soled shoe are usually recommended. 
For covering the entire foot when a complete biological barrier is required, nylon booties 
provide a possible solution. The use of any of these foot coverings, however, raises a 
number of problems. 
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a. Many industrial contractors insist on the use of safety shoes, in all manufactur­
ing areas. This safety ruling would preclude the wearing of sneakers and other 
,types of footwear preferred because of the ease of laundering. 
b. Covering of the sole of the shoe can become a safety hazard on ladders and 
:scaffolding. Booties definitely contribute to awkwardness of niovement, and 
they increase the likelihood of tripping. 
c. If special steel-toed shoes are worn without a cover for the sake of safety, 
sterility of footwear is difficult to achieve and maintain. 
Sneakers are frequently used in clean rooms. They are easily cleaned in water at tempera­
tures from 140 to 160 F. Twenty minutes in soap suds followed by two hot rinses and one 
cold rinse are often sufficient, but in many facilities wearing of sneakers is forbidden. 
Shoes must have a metal guard for the toes. These safety shoes are more difficult to 
decontaminate than sneakers. 
4. 6. 3. 4 Glovcs 
A major sourcr of biological -contamination of hardware results from contact with human 
hands; therefore, NASA Standard NHB 5340.2 (Reference 4-8) prescribes: 
"Gloves, tweezers or other mechanical barriers to prevent contact between 
the skin and.hardware should be used while working with or handling sensitive 
parts to avoid contamination of those parts by loose skin, microbiota, or 
natural skin oils. Solvent contact with hands-should be avoided, as many 
solvents remove natural skin oils causing excessive 'skin peeling' or flaking." 
Although prevention of biological contamination is'effectively achieved by the use of gloves, 
the fo]1og.ing hazards encountered in their use should be considered: 
1a. 	 Powdered gloves arc not suitable for clean room use because they shed 
particulate materials. 
b. 	 Many gloves made of thin plastics, in order to retain touch sensitivity, 
a-rce highly susceptible to puncture. 
c. 	 Gloves made of thick materials tend to miihimize the operators touch 
sensitivity and make handling of small items difficult. 
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d.-	 Unlined plastic and rubber gloves often cause severe sweating of the hands
 
when worn for extended period.
 
e. 	 Some plastic gloves, particularly those containiftg vinyl compounds, are
 
highly plasticized. The plasticizers tend to be leached from the gloves
 
and deposited on the hardware. Whensolvents are present this is a
 
severe problem.
 
f. 	 Cotton gloves tend to shed particulates. 
g. 	 Gloves made of nylon, dacron and mixtures of synthetic fibers are com­
parable and may be laundered and sterilized repeatedly. However, they
 
are prone to snags and may not be as effective as .rubber and/or plastic
 
gloves as a barrier to biological contamination.
 
Some suggested guidelines in selecting gloves for use on a sterilization program that 
minimizes these hazards are: 
a. 	 Use unpowdered gloves. 
b. 	 Use Latex rubber gloves when solvents are used. An inner glove of mercerized 
cotton could be worn to alleviate the perspiration problem. 
c. 	 An alternate solution would be the use of lined rubber gloves which are stronger, 
yet retain sufficient flexibility and touch sensitivity. 
The bioclean requirement adds an additional task, namely, maintenance of sterility or 
of a low level of biological population, to those usually demanded of packages. There 
is fairly general agreement on the fact that current aerospace packaging methods are 
inadequate to satisfy all present requirements. The additional bioclean requirement 
complicates the problem. 
Extreme care must be taken in the preparation of packaging procedures and in the 
choice of packaging materials and configurations. If this is not done, the package is 
quite likely to destroy the level of cleanliness of the packaged item which has been 
laboriously achieved by previous manufacturing and decontaminating operations. 
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'rho following section contains criteria for blodlean packaging, information on padkaging 
of good packages in current use.materials, typical packaging procedures and examples 
4.7 PACKAGING.
 
Only the problems of microbiologically clean packaging will be considered here, with
 
examples of representative approaches from existing controlled and routine packaging.
 
Packaging problems assume a major importance in abioclean spacecraft program.
 
The purpose of packing is to protect the product from detrimental environmental factors. 
In the aerospace industry, reliability requirements place a premium on cleanliness. 
Cleanliness specifications for aerospace packing usually outlaw the use of wood, paper, 
box board, and the ordinary forms of dunnage. Materials'which generate gross partic­
ulates are unacceptable. Where cleanliness is critical, the package itself becomes 
potentially a hostile environment for the hardware. Logically, the surface of the package 
in'contact with the item it encloses must meet the same standards of cleanliness as the 
item itself. Examples of the required cleanliness levels applicable to package designs 
and materials are given below: 
Location 
-1 
Particle 
Size 
(microns) 
- Number of 
Particles 
Vehicle Surface >250 30/ft2 
Pneumatic System 
Filter Element 
> 100 
>100 
0 
10 
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Clearly, those restrictions on contamination narrow the choice of appropriate materials 
and limit selection to the field of plastics and metals. 
Following is a list of packing objectives and materials used in the aerospace industry, 
It shows that thin-gage metal is the most versatile material to satisfy these objectives. 
However, it is not necessarily the most econbmioal and convenient material to apply. 
Plastic film is more readily adaptable to a variety of configurations. and provides a seal 
that is easily established. 
OP[eetivo Material 
Protection from physical forces Rigid outer enclosure of metal or 
plastic 
Rigid or semi-rigid foamed plastic 
Metal or rubber shock mounts 
Crush-up. structures 
Protection from vapor and moisture Heat sealable plastic film 
Hermetically sealed metal canister 
or enclosure 
Glass
 
Protection from particles 	 Heat sealable plastic film 
Rigid plastic container 
Metal container 
Glass 
Thus, because of low cost and ease of application, plastic film, is widely used packing 
material in the aerospace industry. Its main deficiency is its inability to shield the 
hardwareI from impact. Ordinarily, this shortcoming is overcome through the use of 
a rigid envelope to provide impact resistance, Table 4-8 presents plastic film selection 
guidelines. 
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Table 4-8, Suggested Guidelines for the 
Selection of Plastic Film 
Materials for Packing 
Designation General Properties Waiter Vapor permeability 
(maximum) 
Water Albsorption 
(maximum) 
Thickness 
(0,001 in,) 
Application Oleanliness 
Level of 
Recommended 
Material 
(g/100 in2/24 hr/atm/mul (percent) Package 
Primary Barrier - a-Water vaporprobf 0.1 0, 005 18 % Precision cleaned Same as Aclar 
"Greaseproof • Watbepprotected 
* aerro 
. 
parts 
Liquid oxygen 
material tW 
be protected 
systems 
" Liquid oxygen * Water vapor 
compatible sensitive 
o Heat sealable hardware 
Primary Barrier * Waterproof 10 a 8 o Precision cleaned Same as Nylon 6 
o Greaseproof +15% parts where material to 
high abrasion be protected 
o Abrasion resistance is 
resistant required 
* leat sealable 
Primary or * Moderately water 0.5 0.05 6 J Precision cleaned Same as Polyethylene 
Secondary Barrier vaporproof _+20I parts material to 
SWaterproof 
* Heat sealable Iprimary I @ Protection of barrier be protected, 
Secondary Barrier Moderately water 0 05 6 +20% Prttino oyebee 
vaporproof - primary barrier 
. Waterproof 
] Heat sealable 
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LSIASTIC SHROUO FOR 
ASSEMBLED SPACECRA I 
TRANSPARENr CANISTER FOR MAJOR 
SPACE(-RAr T StJBASSEMLy 
4 K 
SPACECRAFT ENCLOSED 
IN PROTECTIVE 
COVER 
METAL. CANISTER COPEN) 
FOR ASSEMBLEr) SPACECfAFT 
METAL CANISTER (CLOSEO) 
FOR ASSEMBLED SPACECRAFT 
Figure 4-5. Special Packages 
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The bioclean requirements associated with planetary landers necessitate the incorporation ' 
of a biological contamination barrier in the design of the package. No single material 
fulfills all of these requirements. Thin-gauged metal and plastic film, however, perform 
satisfactorily in the majority of cases when properly applied. The following list shows the 
most desirable features of such barriers: 
* Readily sealable * 	 Compatible with ethylene oxide 
* Abrasion resistant S 	 Permeable to ethylene oxide 
* 	 Puncture resistant 0 Resistant to high temperature
 
(300 F) and moisture
 
* 	 Non -shedding
 
0 Impermeable to moisture
 
* Easily cleanable 
In a bioclean spacecraft program, packing is required not only for the completed vehicle 
and its components, but also for many other 	items as shown on the opposite page. 
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TYPICAL PACKING CHECKLIST
 
Item to 
1w pnc'kngud Objectives Requirements Package 
Phastk gliov.'x Sterility S float alahle a Polyethylene film 
inaintoemnce * Permeahle tnot<TO bag 
On roll or ster'lliV s Ieat senlnhh' S Polyethylene film 
nylon maintvnance S Permeable to ETO bag 
Uniformis a Transparent 
flacron or Sterility * Compatible 6 Kraft paper 
nylon ma intenance with steam 
uniforms 
A4.emled 
Capsule 
1 
* sterility 
mintenance 
* Ilernitically 
scalable 
* Metal 
canister 
* Protection from a Puncture * Plastic shroud 
degra a(!i. i on resIsI arit 
0 ITrmsfer frnm * Transportilble 
1IaSunill)v to * Resistant to Impact 
arIumh sit,' :nud imi¢hk 
Smlll 
rIh'.lrnr 
a L vl 
'1hinlogical 
Svt 'onuthmtlie with 
orgrmie solients 
a 
4 
Plstic fIl 
Petri diml 
, bo 
piecet'( 11*01 ,t~i tliiltiii, * Easiliv scrialble with [im 
* l',i vet in 0 Permeable t,, EI[) sheeting 
1.h'c(I low lt'\l of S Cleanthlv * Pinstic boxes 
l1,NIIuJlN ilolud"O"l * Re-usable * Polyurethane 
inmlltt,,hI a Suitable for foam pwiding 
* Ii-house conveni ent shel f encapu inted in 
hisalthig$ stonno pltstic jibi. 
Vli't rivalharnessesclectranic 0 Stna' as modules a Same aselectronic modules a a Peg boardPlastic sheeting 
- Plastic tape 
I),.unti , S laow level of * Compatible 0 P'lastie film 
mid Id'%iraul biologie:1 with organic * Adhesive tape 
is u naoliintirlo solvents S Metal container 
IFteedoir a Easily "salable 
f('ti S Permeable to lTO 
pa rt ('u lil 
vir:in, Jnoil inmwith 
S ClpatLible 
working 
: nitect int fluitts (i.e. Ii)i 
l Co'mpatil e Plastic flitil 
Iol htrogicil with organic bog 
il dolvent"ltetai I tlner 
Slcrniohle toUETO 
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SECTION 5
 
'S DECONTAMINATION AND TERMINALSTERILIZATION
 
5.1 INTRODUCTION 
This section describes the Quality Assurance activity required during the decontamination 
and terminal sterilization of a spacecraft lander. The currently preferred procedure for 
achieving a sterile planetary lander is assembly under closely controlled environmental 
conditions to obtain a low biological population, followed by possible chemical decontamination, 
enclosure in a biological barrier, and subsequent dry heat sterilization. To avoid excessively 
long sterilization times which may adversely affect the reliability of critical lander systems, 
assembly of the lander with a low biological population before terminal sterilization is 
necessary. This requirement fundamentally affects Quality Assurance activity by projecting 
it into the area of microbiological control. The maintenance of particulate and biological 
cleanliness becomes as important as functional reliability. Steril is an absolute term 
meaning a complete absence of life. Regardless of the definition of life, the concept of the 
term remains unchanged. Decontamination is the reduction in the number of living organisms, 
from any original condition, to a lesser number but greater than zero. Biologically, de­
but not all, from some item.contamination means killing or removing some of the organisms, 
are used for the treatment of planetary spacecraft.Both decontamination and sterilization 
Decontamination also occurs when the death rate of a population exceeds the birth rate. When 
living space, moisture, available nutrients, and atmospheric conditions become unsuitable 
for the normal rate of reproduction, die-off occurs (i.e., the mortality rate exceeds the 
reproduction rate) and the numerical size of the population decreases. Die-off can be in­
duced by deliberately making conditions unsuitable for growth. 
Decontamination procedures are carried out throughout the assembly and checkout phase. 
Some decontamination results from organism due to careful handling, while some of it is 
due to deliberate chemical and heat decontamination treatment. Experience has shown that 
clean and careful handling of hardware prior to and during assembly would result in a 
spacecraft having less than 105 spores on its surfaces (Ref. 5-1). 
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itesults obtained in the current program indicate microbial burden estimates of less than 
106 for checkout in nonbioclean facilities, but using careful handling and protection of 
hardware. These microbial burden levels appear to fall within the currently specified limits 
required before entering terminal sterilization, in order to keep sterilization time at an 
acceptable minimum. 
Although required decontamination levels before terminal sterilization and the required 
sterilization time have been specified in previous programs like Voyager, no specific NASA 
requirements exist at this time. However, results from numerous existing NASA­
sponsored studies can provide sufficient information to permit fairly close estimates 
of probable requirements. References 5-4 and 5-9 provide'some estimates of sterilization 
requirements. Reference 5-5 provides a preliminary draft of a NASA-Planetary 
Quarantine document. Although the necessary elements required for a successful 
quality assurance plan on a spacecraft to be decontaminated and sterilized are available, 
it is incumbent upon the performing organization to obtain approval from the cognizant 
program planetary quarantine officer before such a plan Is Implemented. 
Decontamination and subsequent canister mating activities for test spacecraft have been 
carried out by Jet Propulsion Laboratory (Ref. 4-5), General Electric (Ref. 5-3), and 
others. Thus, techniques and procedures for potential planning activities exist. What is 
needed, however, are specific quality assurance plans and procedures for a specific space­
craft, mission and, most importantly, performing organization. Selective development 
work to arrive at the most cost-effective procedures can then be carried out. 
5.2 	 GENERAL GUIDELINES 
The general guidelines shown here from the terminal sterilization quality assurance philosophy. 
Whenever detail requirements are not provided, these guidelines are to be followed to achieve 
or derive the detailed requirements. 
a. The Quality Assurance activity should be conducted concurrently with assembly 
and check-out operations so that deficiencies in microbiological quality can be 
be discovered, corrected, and verified in a timely manner before terminal 
sterilization. 
b. 	 Personnel access to, and work practices in the lander-canister area should be 
closely controlled to maintain contamination levels within the area. 
o. 	 Hatm mnd 4ntlcdpn)d lIe"' i"M of opor'tiOnD should be reported iat rogvlar 
intervals and be compatible with the data system. 
d. 	 No analysis or treatment will be performed, except by the use of a procedure 
approved by the procuring agency or NASA Planetary Quarantine Officer. 
e. 	 A complete and accurate log of all the significant events that occur during the 
decontamination and sterilization operations should be prepared. 
f. 	 The microbiological adequacy of all assembled units should be demonstrated. 
No vendor data will be accepted in lieu of data to be obtained during assembly 
and checkout operations. 
5. 3 GENERAL OBJECTIVES 
Some of the unique objectives of the Quality Assurance function during the decontamination 
and terminal sterilization operations are as follows: 
a. 	 To evaluate and certify the facilities, personnel, equipment and procedures for 
microbiological quality during decontamination, sterilization and testing operations 
b. 	 To verify the adequacy of microbiological monitoring processes 
c. To verify the functional and microbial quality of decontaminated and sterilized 
j hardware as well as canister 
d. 	 To verify the adequacy of documentation and data bank Input 
e. 	 To collect and furnish data for decontamination quality analysis 
f. 	 To collect and provide defect information so that timely corrective action can 
he taken 
g. 	 To verify that a biological barrier is attained after assembly of the canister to 
the lander 
h. 	 To verify that the integrity of the biological barrier has not been violated between 
terminal sterilization and spacecraft mating 
5.4 GENERAL REQUIREMENTS 
Quality Assurance will participate jointly with planetary quarantine personnel in the verification 
documentation, monitoring, and certification of planetary lander hardware during the de­
contamination and sterilization procedures. 
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While Quality Ausuranoe persomnnl do not met thti roquiroments, they are reaponuible for the 
systematic verification of conformance to prescribed specifioations and documents, utilizing 
techniques developed for current hardware programs. 
Some specific requirements for the decontamination and sterilization phase are ,as follows: 
a. 	 Establish and follow procedures for controlling contamination level in facilities 
where decontamination and sterilization is to be carried out. 
b. 	 Establish and follow procedures for collecting, storing, and analyzing assay 
data to estimate contamination loads. 
c. 	 Provide a system of data collection, storage and dissemination to assure that 
the status of component/assemblies is available. 
d. 	 Provide for monitoring critical contamination sampling events and to maintain 
certification of facilities, personnel and procedures. 
5.4.1 GENERAL CONSTRAINTS 
Quality Assurance will participate in the establishment of procedures for producing a sterile 
lander which meets NASA requirements. A typical procedure based on an analysis of the 
contamination factors, design requirements, practical manufacturing and test procedures, 
and 	qualification program is as follows: 
a, 	 Assure reliability of sterilizable components by: 
* 	 Conducting suitable qualification tests on all piece parts, materials, sub­
assemblies, assemblies and systems which are candidate types for flight 
hardware 
b. 	 Control contamination by: 
* 	 Carefully selecting and training clean room and assembly personnel 
* 	 Designing the lander system for low burden accumulation rates and easy 
decontamination 
c. 	 Terminally sterilize the Lander System by: 
* 	 Determining the biological contaminat'on load 
Applying heat as specified by NASA procedures to reduce contamination* 

to the specified probabilistic level
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d. 	 Maintain Sterility by: 
* 	 Designing a Sterilization Canister which keeps a positive differential pressure 
inside at an times, from sterilization through launch 
* 	 Employing a system which requires no poststerllization adjustment 
* 	 Monitoring pressure and seal integrity continuously 
* 	 Using separation techniques which generate no debris to contaminate the 
planet or lander, and which will not allow contamination crossover from the 
unsterile spacecraft. 
5.5 	PLANNING AND SCHEDULING 
Decontamination and terminal sterilization activities require the integration of quality 
assurance tasks with all other functional and operational tasks in order to achieve the highest 
degreee of microbiological cleanliness of the spacecraft. To accomplish this integration, 
extensive planning and scheduling will be required by quality assurance personnel, in the 
achievement of all required tasks within time, space, and budget constraints. 
) 
Quality assurance will utilize all necessary analysis tools, such as the mathematical bioburden 
prediction model (see Section 2. 8), in order to predict potential contamination problems, be­
fore they occur. Quality assurance will schedule all inspections, biological sampling, and 
related activities on a minimum interference basis. 
The following examples illustrate additional activities in planning which quality assurance 
should do. 
a. 	 Monitor all personnel procedures and activities on or near the spacecraft 24 hours 
a day, by visual surveillance. 
b. 	 Require lander system decontamination when the total burden of contaminants 
exceeds certain levels. 
c. 	 Schedule all personnel access in such a way as to minimize personnel contact 
with the spacecraft. 
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d. Coordinate room certification and spacecraft movements to avoid delays. 
e. Avoid certification-caused delays. 
f. Maintain a display master schedule of all in-process inspection, biological assays, 
and results. 
g. Cooperate with engineering, assembly, planetary quarantine and test personnel to 
integrate the schedule. 
h. Prepare contingency plans for contamination breaks or violations. 
The end result of these planning activities should be the smooth and efficient flow of hardware 
and monitoring procedures with a minimum of overlap, confusion and subsequent contamination 
control violation. 
5.6 TERMINAL STERILIZATION 
Because terminal sterilization using heat is the only NASA-approved method at the present 
time, this is the only method which will be considered. Section 1.3 describes the current 
procedures. As conceived at present, a canister (providing a biological barrier) will be 
used for encapsulating the landing vehicle before, during and after terminal sterilization. 
Sterility of a vehicle, enclosed in a biological barrier, can be certified by inference only, 
since any sampling or biological assay would require violating this barrier. Thus the 
necessary quality assurance procedures for analyzing, measuring and certifying the 
adequacy of the sterilization process parameters and preparation take on added Importance 
(Ref. 5-4). 
5.6.1 STERILIZATION PLAN 
For unmanned planetary missions, NASA requires that a sterilization plan be prepared. 
(Ref. 5-5). The sterilization plan should include the necessary quality assurance provision to 
provide adequate surveillance and verification of all significant activities, functional as well 
as planetary quarantine oriented. 
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Among the requirements shown in such a plan are, for example, the following: 
a. 	 A description of the procedures used to qualify the biological effectiveness of the 
terminal sterilization process cycle. This should include the procedures used 
to qualify facilities and equipment needed to produce the process cycle 
b. 	 A description of the criteria to be used to determine acceptable application of the 
terminal sterilization process 
c. 	 A description of the procedures to be followed in the event of accidental recon­
tamination after Initial sterilization or in the event post-sterilization repair is 
nesessary
 
d. 	 A description of the microbiological assay, monitoring, and quality assurance 
procedures used in conjunction with the development, qualification, and application 
of the terminal sterilization process 
e. 	 A description of decontamination procedures planned to be used to reduce bacterial 
populations before sterilization 
f. 	 A description of the environmental conditions which bound the terminal sterilization 
process cycle. It is expected that these boundary conditions will be used to derive 
flight hardware qualification criteria. Boundary conditions to be given should 
include such items as: 
1. 	 Maximum and minimum temperature 
2. 	 Maximum and minimum rate of change of temperature 
3. 	 Maximum and minimum humidity 
4. 	 Ambient gas composition 
5.6.2. PARTIAL CHECK LIST
 
The following items must, among others, also be verified by quality assurance.
 
a. 	 Initial microbial population prior to canister mating for lander and canister 
b. 	 Adequacy of canister with respect to leak tightness 
c. 	 Adequacy of internal canister and spacecraft temperature instrumentation 
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d. Adequacy of canister/vehicle alignment 
e. Adequacy of vent and fill connections for canister 
f. Suitability of facility where canister and vehicle are mated 
g. Conformance of terminal sterilization facility with requirements. This includes 
the certification of temperature measurements and recording equipment, as 
well as the adequacy of the heating and cooling equipment. 
5.6.3 VERIFICATION OF STERILITY 
According to the latest NASA procedures (Ref. 5-5), a planetary landing capsule shall be 
considered to have met the required probability of a finite number of organisms surviving 
the sterilization cycle, provided that: 
a. 	 There has been an analysis performed which demonstrates that the imposition of 
the terminal sterilization process cycle parameters on the capsule produces the 
required probability. 
b. 	 It has been demonstrated that the biological population of the capsule before terminal 
sterilization are within specified limits; e.g., the number, type and distribution 
of organisms are within the capability of the terminal sterilization process to 
reduce such population to predictable levels. 
c. 	 It has been verified that the specified terminal sterilization cycle parameters, 
such as time and temperature have been properly imposed on the capsule. 
The 	above requirements clearly indicate a need for adequate quality assurance procedures 
as well as a need fur a data bank to provide inputs to a mathematical prediction model (see 
Sections 1.5, 2.8, and 2. 10) 
5.7 	 STERILIZATION CANISTER 
The canister currently serves as the biological barrier, which is used to encapsulate the 
vehicle. After assembly and checkout the complete landing vehicle is mated to the canister 
under bioclean conditions, with biological monitoring per NASA Standard NHB 5340.2. 
The canister may be made of flexible plastic, metal or other material suitable for the 
temperature cycles approved and still able to maintain biological barrier integrity after 
temperature exposure. 
The 	following canister constraints, based on Reference 5-5, are provided: 
a. Biological canisters which are continuously maintained at a static pressure of at 
least 5 Inches of H20 above the ambient pressure shall be considered biologically 
sealed. 
b. Biological canisters which operate essentially at ambient pressure through the 
use of biological filters, shall be considered biologically sealed, provided: 
1. All canister Joints, seals, and the like, have been tested and found to have 
zero leakage as determined by instrumentation such as helium detectors. 
2. The filter media are equivalent to the High Efficiency Particulate Air Filters 
("HEPA Filters") specified by MIL-F-51068A. 
5.8 	 STERILE INSERTION 
Sterile insertion is a yet unproven technique currently under development, for the insertion 
of otherwise sterilized fluids, substances or parts into a heat-sterilized spacecraft or 
repair thereof. The reason for "sterilization by other means" due to the potential degra­
dation of the inserted items due to heat during the heat sterilization of the spacecraft. The 
principal problem in the development of such techniques is the verification of the maintain­
ance of sterility of hoth the spacecraft and the inserted item. This need for verification 
introduces a quality assurance requirement which must be defined. 
These different types of Insertable items introduce different techniques: 
a. 	 Liquids, Gases - The use of filtration techniques has been shown to have promise 
(Reference 5-6). 
b. 	 Small Solids - The split seam technique currently under development shows promise 
(Reference 5-7). 
c. 	 Large Systems - The Assembly Sterilizer System currently in development repre­
sents a most promising system (Reference 5-8). 
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Although these techniques appear to present desirable methods, It should be noted that 
none of them at present are better than just marginal. They are not to be used in a NASA­
approved planetary quarantine program without prior NASA Planetary Quarantine Officer 
approval.
 
5.9 DECONTAMINATION 
As stated in the beginning of Section 5.1, decontamination is defined as the reduction of the 
microbial population. Such a treatment may be desirable in two oases: 
a. Reduction of microbial population before terminal sterilization 
b. Reduction of microbial population as an end result, where sterilization is not 
required. 
These are discussed as follows: 
5.9.1 DECONTAMINATION OF PARTS, COMPONENTS AND SUBSYSTEMS 
To generally reduce the severity of the terminal sterilization process, it may be desirable 
to decontaiminate either all of, or certain elements of hardware before its incorporation 
into 	a planetary capsule. Decontamination of such hardware (while at a level of assembly 
lower than that of a complete capsule) may be accomplished by any suitable method 
provided that: 
a. 	 An identification is made in the Sterilization Plan of all items of hardware which 
are planned to be decontaminated before incqrporation into the capsule. Methods 
of qualifying decontamination techniques or process cycles are given In the 
Sterilization Plan. 
b. 	 Each decontamination technique or process cycle planned to be used in decribed 
in a decontamination process specification, which includes a description of the 
applicable qualification procedures and quality assurance requirements. 
c. 	 The detail specification covering each item of hardware to be decontaminated 
lists, as an applicable document, the decontamination process specification which 
Is planned to be used. 
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d. 	 The decontamination techniques or process cycles employed do not degrade the 
ability of the complete capsule to withstand the terminal sterilization "dry heat" 
process cycle. 
Although this manual is concerned primarily with sterilization and the attendant decontamination 
cycles, it is recognized that, depending on the planet of interest and the planned mission, 
terminal decontamination only of a planetary capsule (I. e. , without terminal sterilization) 
may be sufficient to satisfy the probability of planetary contamination., 
For such cases, terminal decontamination of the planetary capsule shall be accomplished by 
exposing the planetary capsule to either a modified "dry heat" environment or to an ethylehe 
oxide environment or the other chemical decontaminant treatment. Such treatments are de­
scribed in detail in Referenc 5-9, Biological Handbook for Engineers. 
5 
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SECTION 6 
MICROBIOLOGICAL PROCEDURES CONTROL 
6.1 INTRODUCTION 
This section describes pertinent aspects of the microbiological procedures required as part 
of the Quality Assurance function in producing a heat sterilized planetary spacecraft. Micro­
biological assays will be the basic monitoring tool In all phases of these Quality Assurance 
procedures. All activities necessary in conducting such assays shall be monitored to assure 
quality certification for procedures, equipment and personnel. 
6.2 SCOPE 
The scope of this section encompasses a plan for the verification of microbiological quality 
of a spacecraft, spacecraft part, component or assembly from receiving inspection through 
the terminal sterilization process. This plan covers standard microbiological sampling 
procedures, facilities and equipment, microbial sampling plans, certification of materials 
and equipment, receiving inspection, data and reports. 
This plan is designed to assure the adequate collection of microbiological data with the veri­
fication of quality and conformance being performed by Quality Assurance surveillance. 
Such surveillance must include monitoring (1) all sampling of all laboratory materials; 
(2) the personnel dressing procedure for entering a controlled environment facility; (3) all 
decontamination processes especially as concerned with assembly tools and subassembly 
units; (4) all assembly operations including; operation of the facility, microbiological assays, 
all laboratory operations and techniques, recording of all activity, reporting of all abnormal 
activity; and establish requirements for statistical bases of microbiological sampling to 
include coupon allotment, swab samples, and hardware items. 
6.3 GENERAL GUIDELINES 
The following guidelines establish an approach which integrates microbiological sampling 
with quality assurance engineering, monitoring, and checkout procedures for spacecraft 
hardware. 
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The 	 flow of events shall follow a logical, well-plnnned sequence that permits adequate 
microbiological sampling at each established testing point for raw material, component, 
subsystem, system or vehicle with a minimum of duplication and with the most efficient 
use 	of time, manpower, equipment and facilities. 
Microbiological sampling operations will be integrated with the engineering and check-out 
plan 	to utilize the available time and facilities most efficiently. All sampling will be 
accomplished in a logical sequence and the results recorded in a format designed for future 
analysis and data bank storage. 
The 	organization responsible for the microbiological sampling and for assuring the micro­
biological quality of the hardware will use trained, skilled personnel who thoroughly under­
stand the goal of such a program. A sterility control group including representatives from 
several functions will establish the sampling criteria from the design specifications and 
design objectives. They will be responsible for interfacing with the NASA Planetary 
Quarantine Officer for the acceptance or rejection of test results. 
Microbiological sampling operations will not be performed without procedures which have 
been submitted to and approved by the cognizant Microbiologist, Quality Assurance, Engin­
eering, Program Management, and the NASA Planetary Quarantine Officer. Such procedures 
shall provide for the following controls: 
a. 	 Statistically reliable samples of each component will be evaluated before and after 
each functional testing. Integrity of all vendor packaging material will be checked 
before usage. 
1. 	 Vendo r data will not be accepted in lieu of testing, except for expendable items or 
those which are impractical to test. "Spot checks" will be made on all expendable 
items. 
c. 	 No component or part will be accepted for microbiological evaluation without the 
necessary documentation or certification. 
d. 	 All component packaging, when returned for further quality testing, will have the 
same integrity as when delivered for microbiological testing. Any irregularities 
in conditions or components will be noted on travelers and passed on to the cogni­
zant individuals. 
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c. Testing of components and materials will be done according to procedures that 
will not alter the reliability of the item or component used for further testing. 
f. Components from bonded storage which show evidence of compromised packaging 
integrity, must be retested or reprocessed before acceptance or discarded. 
g. Travelers will accompany all components tested and appropriate certification by 
testing individual. Test personnel will be identified by an inspection stamp or 
suitable identification. 
b. 	 Sufficient "lead time" will be scheduled to ensure that microbiological test results 
will be available before the component is used in stsequent processes. 
i. 	 A complete and accurate history will le retained on individual components by 
Quality Assurance as a reference for future use. 
6.4 PLANNING AND SCHEDULING MICROBIOLOGICAL ASSAYS 
Provision of a schedule is necessary in the microbiological sampling plan. This require­
ment will integrate the microbial assays with the engineering schedule. The preparation 
of such a plan must reflect the microbiological requirement to incubate all samples for a 
minimum of 72 hours with counts to be made at 24, 48, and 72 hours. Microbiological 
data will not be considered final until after the 72 hour counts have been evaluated. 
The scheduling of microbiological assays is also an important factor in the cost of a 
program. Samples taken on Wednesday, Thursday or Friday will involve overtime because 
weekend work will be required. 
The 	scheduling or critical microbiological assays should also be programmed into the 
manufacturing plan so that the incubation period does not impede manufacturing operations. 
A critical assay would be defined as one in which the results must be known before the 
next 	assembly step takes place. 
Microbiological assays must also be planned so that the laboratory operation does not 
exceed its sample capacity due to facility limitations. 
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6.5 GENERAL OBJECTIVES 
The objectives of this plan are to provide guidelines and procedures to assure the micro­
biological quality of all components, subsystems, systems and vehicles which will be term­
inally sterilized by heating. Adequate surveillance and documentation will be carried out 
on all operations to: 
a. 	 Assure the sterility and/or enumerate the biological contamination level of specific 
test items 
1. 	 Establish microbiological background levels In the assembly and testing facilities 
C. 	 Monitor the handling of hardware and microbiological samples 
d. 	 Verily the conformance to all operational and testing specifications 
C. 	 Furnish useful data in the assessment of the microbiological burden on all hardware 
f. 	 Improve the overall program quality in the prevention or reduction of the microbial 
contamination of the system 
g. 	 Meet NASA sterilization requirements for planetary spacecraft to be sterilized by 
heating 
G.6; GENERAL IREQTIREMENTS
 
The following sections establish the general requirements which are necessary to assure
 
the adequacy or the microbiological quality or spacecraft hardware which is to be sterilized.
 
They will assure:
 
a. 	 Necessary monitoring of hardware by microbiological assay 
b. 	 Necessary Q/A monitoring of the microbiological assays 
c. 	 The assays which arc performed are adequate 
d. 	 All operations are carried out according to standard operating procedures 
e. 	 Check lists are filled out 
f. 	 Proper documentation is maintained 
6-4 
g. 	 The data collected is appropriate for analysis 
h. 	 Verification that the data will be analyzed to validate that the hardware meets thi 
microbial contamination level specifications 
i. 	 That the hardware was handled in an approved fashion 
j. 	 That adequate numbers of samples have been taken 
k. 	 Adequate vendor certification 
1. 	 Additional guidelines for planning, analysis and checkout of a planetary spacecraft 
to be sterilized by heating 
6.7 	 MIC ROIS3IOLOGICA L CONTROL_] ROCEDURES 
6.7.1 GENERAL 
Standard Operating Procedures (SOP's) will be prepared by the microbiologist for all 
microbiological assays and related activities. No testing will be attempted without the use 
of an approved procedure. The approval should be signed off by Microbiology, Quality 
Assurance, Program Management and the Planetary Quarantine Officer as well as the 
necessary Manufacturing groups. 
The SoP provides the opportunity to examine the operation carefully in order to assure that 
the requlLire'ments have been refnected in the procedure and that the implementation of the 
procedure will result in the attainment of the objectives. Contamination problems and 
human crrnor may he eliminated In advance by the careful and thoughtful preparation of 
procedures (SOP's). Standard procedures also establish a uniformity in the data. 
6.7.2 TITLE PAGE
 
The procedure title page will contain the following:
 
a. 	 Title of the procedure 
b. 	 Identification of item being assayed 
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c. Procedure number 
d. Originating organization identification/operating organization 
c. Revision or addenda acknowledgements 
f. Approval signatures 
1. Microbiologist 
2. Manufacturing 
3. Quality assurance 
4. NASA Planetary Quarantine Officer or representative 
6.7.3 TABLE OF CONTENTS
 
The Table of Contents should direct the reader to the major subdivisions and topics which
 
are included in the procedure.
 
6.7.4 INTROI)UCTION
 
The Introduction should contain essential information that will acquaint the reader with the
 
general content and the scope o[ the operation. The Introduction provides a place for pro­
viding the reader with information on unique features of the operation, specific limitations
 
to be observed, and sequential information relative to the microbiological assay.
 
6.7.5 APPLICABLE DOCUMENTS
 
This section should reference drawings of the items to be assayed, applicable standards,
 
specifications and other related procedures or documentation.
 
6.7.( OBJECTIVES 
The objectives cite the reason for performing the operation on assays. They should be 
stated clearly and concisely so that their attainment is accurately assessed. 
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6.7.7 EQUIPMENT AND MATERIALS 
All necessary equipment and materials needed to perform the microbiological assay should 
be listed. Standard as well as special equipment should be listed with model numbers, etc. 
6.7.8 SCHEMATICS OR MATERIAL COMPOSITION/CHARACTERISTICS INFORMATION 
A schematic or drawing as well as the chemical composition of the hardware to be micro­
biologically assayed should bo incorporated if it adds significantly to the microbiologist's 
understanding of the potential assay problems and/or facilities Quality Assurance Inspection. 
6.7.9 FLOW CHARTS 
A set of flow charts should be prepared which acts as a descriptor for the sequence of 
events in the microbiological assay process. 
6.7.10 OPERATIONS 
A detailed step-by-step list of the actions to be, performed in their proper sequence will be 
tabulated in the procedure. These actions should be described to the most detailed degree. 
6.7.11 DOCUMENTATION 
A checklist will be written [ accompany the operations procedure. This will be used by 
Quality Assurance. to verify that the specified operations were performed, performed in 
the proper sequence, and according to the SOP with notations about any problems or devi­
ations encountered in practice. 
6.7.12 DATA RECORDING 
Standard data sheets will be included with each procedure to illustrate the format that will 
by used. The data should include such items as identifying code, data, sampling technique, 
sample duration, sterility controls, verification of supplementary procedures and treat­
ment, time incubation condition and time, culture medium, culture or Incubation condition 
controls, and any other pertinent information. 
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6.7.13 UNSCITEDULED EVENT REPORT
 
An unscheduled event report detailing the event will be filed by Quality Assurance Surveil­
lance with the microbiologist, manufacturing engineering, and Planetary Quarantine Officer.
 
The sterility control group will act on the consequences of the event.
 
6.7.14 CORRECTIVE ACTION REPORT
 
The corrective actions that are required in response to certain nonconformance situations
 
or malfunctions should be included as part of the procedure.
 
6.8 MICROBIOLOGICAL ASSAY TEAM/ FACILITIES AND EQUIPMENT
 
6.8.1 ASSAY TEAM
 
The microbiological assay team should consist of a minimum of five people. This includes
 
two trained microbiologists, two preparation technicians, and a Quality Assurance inspec­
tor. The two microbiologists will perform assays, sample culturing, plate counting and
 
data reporting. The preparation technicians will be responsible for preparing all media
 
and sterile supplies as well as discrading cultures and washing glassware. The Quality
 
Assura nce inspector will monitor all critical microbiological operations and will maintain
 
necessary documentation on such operations.
 
6. S. 2 FACILITY
 
The facility will consist of a specialized laboratory for sampling a spacecraft being manu­
factured under controlled environmental conditions. Its general location should be adjacent
 
to the manufacturing facility with controlled direct access ports.
 
The size of the facility will be mainly dependent upon the size of the microbiological assay 
team. 
6.8.2.1 Floor 8pace
 
The floor space should include at least 250 square feet of working space per individual.
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6.8.2.2 Work Bench Area
 
The work bench surface should be not less than 35 square feet per working individual with
 
about Z0 percent of the area utilized for support equipment.
 
6.8.2.3 Storage Cabinets
 
Storage cabinets and drawer space should be provided and should be at least 100 cubic feet
 
per person.
 
6.8.2.4 Electrical Connections
 
Sufficient electrical outlets must be placed throughout the laboratory, At least six out­
lets per individual should be supplied. Both 110 and 220 voltage supplies must be available.
 
6.8.2.5 Hleating Gas
 
It is recommended that gas he supplied to the laboratory for use with bunsen burners
 
(if safety regulations allow a central gas supply). Sufficient gas jets should be placed
 
conveniently over the work bench areas. Portable laboratory tanks may be used in lieu
 
of a centralized source.
 
G.8. 2. 6 Lighti g
 
Adequate overhead lighting must be supplied to the laboratory.
 
G.8.2.7 Preparation Area
 
A preparation area must he included either in the laboratory or adjacent to it. At least
 
two double sink areas must be supplied. Hot and cold running water must be supplied to
 
each sink. Additional cold water faucets must be attached to each sink. Adequate drain
 
facilities must be constructed for all waste water.
 
The preparation area should have a distilled water supply. It is recommended that the 
necessary plumbing be installed to supply a running distilled water service. The source 
may either be a centralized still or bottled water supply. 
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A stove or series of hot plates should be included in the preparation area for melting 
and preparing culture media. 
A laboratory dishwasher should be included in the preparation area. It should be of sufficient 
size to easily handle all of the glassware used in a day's experiment. It should have the 
capability of a hot detergent wash, hot and cold water rinse and a distilled water rinse. 
Sterilizers should be included in the preparation area. Live steam will have to be supplied 
for the autoclave as well as a drain. An ethylene oxide sterilizer and a dry heat sterilizer 
should ho included. 
A low temperature (- 100 C) dry heat oven should be supplied for drying glassware. 
b, S.2.8 Laboratory Carts 
At least one standard three-shelf laboratory cart should be supplied for each working 
member of the team. 
6.8.2.9 Refrigerator 
At least one standard household refrigerator ( 12 cubic feet) should be supplied for each 
working member of the team. One of these refrigerators should be equipped with explosion­
proof controls. 
G.S.2. 10 Telepones
 
facilities will have to be available in the laboratory for both internal and
'Telephone 
external usage. 
6.8.2. 11 Desk Side Computer System 
A desk side computer system should be available in the laboratory area for feeding the assay 
data into the storage or analysis system. 
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6.8.2.12 Pressurized Nitrogen
 
A pressurized filtered nitrogen gas supply will be required. A bottled gas system may bt
 
adequate. 
6.8.2. 13 Exhaust Hood
 
An explosion-proof exhaust or chemical fume hood will have to be supplied.
 
6.8.2.14 Clean Bench Work Areas
 
Class 100 horizontal laminar flow clean benches will have to be supplied in the laboratory.
 
At least three benches approximately 4 feet long will be required.
 
6.8.3 MICROBIOLOGY LABORATORY EQUIPMENT AND SUPPLIES
 
6.8.3. 1 Basic Laboratory_ Equipment
 
Certain equipment items which must be included in a basic microbiological assay laboratory. 
Actual items needed may vary slightly depending on the emphasis of the microbiological 
sampling program. A list of the basic items needed for a minimal microbiological assay 
team appears in Table 6-i. 
6.8.3.2 Basic Laboratory Supplies 
The laboratory supplies which will be needed will depend mainly upon the size of the micro­
biological assay team and the number of assays being performed. An abbreviated list of 
specific items which will be consumed in routine microbiological assays appears in Table 
6-2. 
The approximate cost for basic expendable supplies for the above mentioned microbiological 
assay laboratory will be roughly $1,000/month. This, of course, depends on the number 
and type of assays being performed. 
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Table 6-1. Microbiology Laboratory Material and Equipment 
Item 
Anaerobic Jars 
Accessories 
(1) 	 Catalyst 
(2) 	 Gas Pack 
(3) Indicators 
Andersen Air Sampler 
(0604 	Viable Particles) 
Accessories 
(1) 	 Flow Meter 
(2) 	 Gaskets 
(3) 	 Petri Dishes 
(4) 	 Timer 
Autoclave 
Accessories 
(1) Indicators 
Automatic Pipetting Machine 
Blender Mill 
Accessories 
(1) Balls 
Cavitation Meter 
Laminar Flow Clean Bench 
Colony Counter 
Conductivity Meter 
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Approximate Cost 
$48.50 
$ 1.25 
$36.00/100 
$ 2.00/10 
$240.00 
$10.00 
$ 1.50/doz 
$96.50/gross 
$10.50 

$5,000 
$1.50/doz 
$250.00 
$220.00 
$2.00/lb
 
$150.00 

$828.00 

$350.00 
$133.50 
Approximate 
Quantities Needed 
Approximate Size for A Minimal 
or Capacity Capacity Laboratory 
10 petri dishes
 
(100 X 15 mm) 50
 
I/Anaerobic Jar 50
 
1/Anaerobic Jar 1000
 
1/Anaerbbic Jar 100
 
5
 
0.2 	to 3.0 1/m 5
 
3
 
Gross 
5
 
20 x 20 x 36 in. 1
 
1000
 
Up to 50 ml/stroke 1
 
1
 
1
 
2 ft x 4 ft x 28 1/2 in 
 3
 
Work Area
 
2
 
1
 
Table 6-1. Microbiology Laboratory Material and Equipment (Cont) 
Item Approximate Cost 
Dry Glove Box (Bacter­
iological) $895.00 
Accessories 
(1) Gloves $42.00/Pair 
(2) Interchange Box $155.00 
Dry Heat Sterilizer $920.00 
Ethylene Oxide Sterilizer $5,000.00 
Ethylene Oxide Sterilizing 
Mixture $20.00 
j Flow Meters $28.00 
Gas Chromatograph $2,300.00 
Glassware 
125 ml Flask $25.00/18 
6 liter Flask $ 5.12 
500 ml Screw Cap Flask $ 2.29 
4 oz Bussy Bottle $25.00/48 
100 ml Graduated Cylinder $ 3.00 
25 ml Pipette (Volumetric) $32.00/18 
Hot Plate/Stirrer $84.50 
Humidity Sensor $105.00 
Incubator $475.00 
Isolator Flexible $200.00 
Isolator Rigid $1,200.00 
Approximate Size 
or Capacity 
25 x 20 x 20 in. 
20 x 20 x 36 in. 
125 lb 
0.3 to 2.0 CFM 
125 ml capacity 
6 liter capacity 
500 ml capacity 
4 oz capacity 
100 ml capacity 
25 ml capacity 
7 x 7 in. 
10 ft 3 
24 ft 3 
30 ft 3 
Approximate 
Quantities Needed 
for A Minimal 
Capacity Laboratory 
2 
10 
2 
1 
1 
10 
1 
6 
1 
6 
3 
1 
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Table 6-1. Microbiology Laboratory Material and Equipment (Cont) 
Item 
Leak Tester 
Limited Orifice 
Manometer 
Particle Counters 
pH Meter 
Pipette Canister 
Pipette Washer/Rinser 
Recorder 
Reyniers Sampler 
Accessories 
(1) Gasket 
(2) Timer 
(3) Petri Dishes 
Temperature Recorders 
Thermometers 
Ultrasonic Bath 
Velometer 
Water Bath 
Seriological Bath 
Approximate Cost 
$120.00 
$18.00 
$39.00 
$6,800.00 
$360.00 
$13.50/6 
$28.50 
$700.00 
$135.00 
$5.00/doz 
$60.00 
$80.00/gross 
$52.00 
$3.00 
$495.00 
$495.00 
$124.50 
Approximate 
Quantities Needed 
Approximate Size for A Minimal 
or Capacity Capacity Laboratory 
1 
1 
3 
1 
2 
6 1/2 In. dia. x 18 in. 24 
1 
Millivolt 2 
10 
60 
10 
150 mm x 20 mm 200 
6 
12 
8 x 12 x 10 in 3 
1 
9 x 18 x 36 in. 6 
14 x 10 x 7 in. 2 
The approximate cost to equip such a laboratory is $43,000. 
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Table 6-2. Required Laboratory Supplies 
Ite__m~ ostor Approximate SizeItom Approximatep xiat  C st Capacity 
Culture Media 
Trypticase Soy Agar $ 10. 00 ea. 1 lb 
Peptone $ 5. 00 ea. 1 lb 
10 ml Disposable Pipettes $ 72.50/5.00 10 ml capacity 
1 ml Disposable Pipettes $ 77.30/10. 00 1 ml capacity 
Petri Dishes (Disposable) $ 21.50/5.00 15 x 100 mm 
Rodac Plates (Disposable) $ 40. 00/5.00 
The approximate cost for basic expendable supplies for the above mentioned microbiological 
assay laboratory will be roughly $ 1,000/month. This, of course, depends on the number 
and type of assays being performed. 
6.9 MICROBIOLOGICAL SAMPLING PLAN 
A microbiological sampling plan will be established for each item or area sampled. The 
sampling plan will detail the sampling technique used, the numbers of samples, the frequency 
or sampling interval, as well as defining the types of microorganism for which assaying is 
conducted. 
6.9.1 SAMPLING TECHNIQUES 
Defining the specific sampling technique used Is important so that reliable evaluations of the 
efficiency and reproducibility may be determined. It is expected that the sampling techniques 
used on a sterilization program will be specified by the NASA Centracting agency. 
6.9.1.1 Sampling Techniques for Hardware 
Two basic procedures are used to sample hardware. The most commonly used is external 
surface sampling. This procedure is nondestructive and may be used on all types of 
hardware items, subsystems, systems and vehicles. Commonly used methods for external 
surfaces sampling are surface rinse, scrubbing with a cotton swab, a direct agar surface 
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contact plate, or the attachment of stainless steel strips on hardware. In an actual sampling 
program the methods will be specified in accordance with various hardware configurations. 
Small items such as individual components may be assayed using the surface rinse pro­
cedure. Items such as subsystemd and larger will probably be assayed using either swabs 
or direct contact plates. The swabs can be used on almost any surface configuration, but 
direct contact plates may only be used on smooth flat surfaces. Stainless steel strips are 
difficult to attach and may be dangerous to the hardware if they are dropped or lost. They 
probably will not be recommended for flight hardware. 
Figures 6-1, 6-2, and 6-3 present the flow charts for three of the sampling methods pre­
viously outlined. 
The second procedure used for sampling hardware involves an analysis of the internal 
microbial burden. This is a destructive test, and would not be used on flight hardware, 
but rather used as a means of collecting background data for the "math model." Commonly 
used methods for determing the internal microorganisms are blending, grinding in a ball 
mill, shearing, fracturing or dissolution in an appropriate solvent. 
Table 6-3 summarizes the efficiencies of the various methods used to sample hardware. 
6. 9. 1.2 Sampling Techniques for Intramural Environments 
The intramural environment is that environment in which the spacecraft or its hardware 
is enclosed. The microbiological contribution to this environment is primarily due to the 
circulating air in the enclosure, the personnel, materials, and supplies transferred into the 
enclosure. Measurements of the microbial contamination levels of the intramural 
environment are of a secondary data level. It is the quality of the hardware which is the 
concern of this program, but information gathered from the intramural environment will 
indicate the quality levels of microbial contaminants to be expected on the hardware. 
6.9.1.2.1 Measurement of the Microbial Conatmination Levels of Intramural Air 
The air of an intramural environment may be sampled for either a total particulate level or 
variable particulate level using volumetric sampling divices. Microorganisms may be 
separated from total particles by collecting the samples on nutrient culture incubating, and
 
counting the resultant microbial colonies.
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Figure 6-3. Flow Chart for Component Microbiological Assay 
on Stainless Steel Test Strip 
Table 6-3. Summary of Reports on the Efficiency of Microbial Sampling Techniques with 
Comments on Known Limitations 
Technique Type Material Reported Efficiency Reference 
(Recoveries %) 
Surface Sampling 
Swab Various Surfaces 40 - 100 	 Angelotti et al, 
(1958, 1964) Bond 
et al, (1963) 
Rodac Plate Various Surfaces 40 - 50 	 Angelotti et al, 
(1958, 1964) 
Bond et al, (1963) 
Rinse 
Direct Flush Various Surfaces 80 	 Eucbbinder et al, 
(1947) 
Direct/ Varied 90 - 100 Millipore (1965)
 
Filtration/
 
Culture
 
Mechanical Stainless Steel 50 - 100 GE (1967)
 
Agitation (Unpublished Data)
 
Ultrasonic Stainless Steel 95 - 100 Puleo et al, (1967)
 
Agitation
 
Internal Sampling 
Pulverization Silicone Rubber 7% (with 10- Green et al, (1967) 
(Ball Mill) 106 spores/gm 
inoculum) 
Plaster of Paris 
Puleo et al, (1966)Dental Inlay Materials 70 - 9Favero (1966-67) 
Paraplast 
Epoxy 	 40 - 80 Green et al, (1967) 
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Table 6-3. Summary of Reports on the Efficiency of Microbial Sampling Techniques with 
Comments on Known Limitations (Cont) 
Technique Type Material Reported Efficiencies 
(Recoveries %) Reference 
Blending Balsa Wood l100 Angelotti & Lewis 
(1966) 
Dissolution Lucite (in Acetone) 74 Green et al, (1967) 
(Solvents) 
Lucite (in Acetone) 100 Puleo et al, (1966) 
Favero (1966, 1967) 
Lucite (in Acetone 40 - 100 Angelotti & Lewis 
1(1966)1 __ 
There are several types of conventional volumetric air samples. The most commonly used 
sample is a slit sampler. These samplers consist of a clock, a rotating table and petri 
dish, a vacuum source adjusted to draw 1 CFM of air through the slit and over the petri 
dish. Particles in the air are impinged on the culture media long term slit samplers usually 
sample for 1 hour. The short term slit samplers usually sample for 15 minutes. Figure 
6-4 presents the flow chart for Long Term Slit Air Sampler. 
The cascade-sieve sampler characterizes the airborne viable particles into discrete sizes. 
This sampler consists of a series of perforated discs which are placed over culture dishes 
and stacked in decreasing order of pore size. The smallest pores are on the bottom. A 
vacuum pump draws a standard 1 CFM through the sampler. As the air cascades through the 
perforated discs or sieves, its velocity increases because of the reduced pore size. Particle 
velocity in the air stream also increases when particle velocity becomes too great to negotiate 
the turns designed into the cascade; they impact on the culture media. The incubation of 
the series of plates allows an analysis to be performed on the particles to determine which 
size particles were carrying the microorganisms. Figure 6-5 presents the flow chart for 
the Cascade-sieve Air Sampler. 
A third type intramural environmental sampling technique involves the use of standardized 
test surfaces. These test surfaces are usually 1 x 2 inches stainless steel strips which are 
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Figure 6-4, Flow Chart for Long Term Slit Air Samnpler 
placed on trays and exposed to the environment. These strips are assumed to be equivalent 
to hardware exposed the same environment in regards to their contamination or microbial 
quality level. However, these strips are usually oriented and tested only as horizontal 
surfaces facing upward. A typical hardware item would have surfaces facing in all directions. 
These test strips attempt to generalize what effect the intramural environment is having on 
the actual hardware and are much easier to control and handle then the hardware. 
6.9.2 NUMBER OF SAMPLES 
The actual number of samples will depend entirely upon the items or environment being 
sampled. Small items such as components should be totally sampled. Subsystems such as 
black boxes should be assayed at each sample interval to equal approximately 10 to 20 of the 
total surface area or percent to yield sufficient samples which can be statistically analyzed 
with a high degree of confidence and reliability. For a hardware item larger than subsystems, 
it is important to take enough samples for reliable statistical analysis. 
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Figure 6-5. Flow Chart Cascade - Sieve Air Samplers 
Samples taken of the intramural environment should also be in sufficient quantities to yield 
reliable statistical evaluations. At least two types of samples should be run on each 
environment. It is suggested that at least one of these should be an air sampling device for 
viable particulates. Figure 6-6 illustrates the orientation of air samplers to be used 
around a vehicle while it is being assembled. 
6.9.3 SAMPUNG FREQUENCY 
The frequency of sampling will depend entirely upon the activity to which the hardware or 
environment is exposed. Following each period of activity the item will be assayed whether 
it is an assembly process, a test or storage period. The environment will be sampled on a 
continuous basis using settling strips. Air samples will be run at any time work is being 
performed on the hardware. 
6.9.4 TYPES OF MICROORGANISMS TO BE ASSAYED 
The types of microorganisms to be assayed for include aerobic forms, anaerobic forms, 
vegative cells, spores, bacteria and fungi. The specific forms will be indicated by the 
I-' 
0-Air sampler
 
/
I 
j~/ 
Figure 6-6. Figure Showing Orientation of Air Samplers 
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NASA contracting agency. Because bacterial spores are the most resistant forms to 
sterilization processes, it is expected that these will be of primary interest. In most 
manufacturing environments the aerobic sporeforms outnumber the anaerobic sporeforms. 
It, therefore, seems likely that anaerobic spores may not be assayed. 
6.10 CERTIFICATION 
6.10.1 REQUIREMENT 
All equipment used in the standard operational procedures for microbiological assays 
will be certified either by the microbiology group or instrument calibration laboratory. 
Critical operations of all equipment must be examined before any nticrobiological 
assays are performed. 
All equipment should be recalibrated and certified every 6 months. 
6.10.2 CERTIFICATION PLAN 
Equipment normally found In a microbiological assay laboratory will be certified using 
the indicated guidelines. 
6.10. 2.1 Equipment Cerfification Guidelines 
Anaerobic Incubation Jars 
a. 	 Checked for chips out of lip jar 
b. 	 The lip must be cleaned and freshly lubricated. 
c. 	 The catalyst must be certified using biological and chemical indicators. 
d. 	 The chemical indicators must be certified using known catalyst as well
 
as vendor certification.
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Andersen Sampler 
a. 	Must meet cleanliness requirement to assure all holes are open 
b. 	Must be leak checked to assure that the gaskets are sealing 
c. 	Must be checked to assure the stack of sieves is in the proper order and nested properly 
d. 	The pump must be certified to draw 1 CFM. 
Assay Supplies, Disposable 
a. 	Vendor certification on sterility (including lot numbers and results of biological tests 
where available). 
b. 	Sterility test in parallel with experiment 
J Assay Supplies, Reuseable 
a. 	Must be cleaned according to lab SOP's 
b. 	Must meet laboratory sterility requirements 
c. 	Sterility test in parallel with experiment 
Autoclave 
a. 	Certified using pressure, temperature and time read-outs 
b. 	Must meet 15 lb psig, 2500F 
c. 	 Use chemical and biological indicators in each cycle 
d. 	Use extra thermocouples when qualifying the autoclave. 
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Automatic Pipetting Machine 
a. Must be certified to the required volume at the temperature which the fluid will be 
pipetted by actual test lost time it is used 
Blender Mill 
a. Must be certified by the vendor 
b. Must be sterility tested before an experiment 
Catalyst, Cold (Anaerobic) 
a. Must be certified by the vendor 
b. Must be replaced in accordance with vendor certification 
c. Must be. checked for each experiment with chemical and biological indicators 
Catalyst, Electrical (Anaerobic) 
a. Must be certified by the vendor 
b. Must be replaced in accordance with vendor certification 
c. Must be checked for each experiment with chemical and biological indicators 
Cavitation Meter 
a. Certified and operated according to manufacturer's specification 
Chemical Indicators, Anaerobic 
a. Must be certified by the vendor
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b. Must be laboratory qualified using a known catalyst and biological indicators 
c. Must be limited to reuse li accordance with manufacturer's specification 
Chemical Indicators, Ethylene Oxide (ETO) 
a. Must be certified by the vendor 
b. Must be laboratory qualified using a known ETO sterilization cycle 
c. Must be limited to reuse in accordance with manufacturer's specification 
Chemical Indicators, Dry Heat 
a. Must be certified by the vendor 
b. Must be laboratory qualified using a known dry heat sterilization cycle 
J 
Chemical Indicators, Steam 
a. Must be certified by the vendor 
b. Must be laboratory qualified using a known steam sterilization cycle
 
Chemicals
 
a. All chemicals will be certified by the vendor for quality and purity 
Clean Bench
 
a. Must be leak checked using a particle counter 
b. Must be checked with a velometer 
c. Efficiency should be checked using a chemical smoke bomb 
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Clean Room 
a. All filters must be leak checked. 
b. Velometer reading must be taken. 
c. Particle counts should be taken in accordance to NHB 5340.2. 
d. Biological tests must be performed in accordance with NHB 5340.1. 
e. Efficiencies must be checked and qualified for a specific limit of personnel. 
Culture Media, Dehydrated 
a. Must be certified by the vendor 
Culture Media, Commercial Preparation 
a. Must be certified by the vendor 
b. Must be sterility checked in the laboratory prior to use 
c. Must be qualified to support growth prior to experiment 
Culture Media, Laboratory Preparation 
a. Must be sterility checked in the laboratory in parallel with experiment 
b. Must be qualified to support growth in parallel to experiment 
Dry Glove Box 
a. Must be certified by the vendor 
b. Must be leak tested 
c. 	 Gloves must be leak tested.
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Dry Heat Sterilizer 
a. 	 Certify using temperature and time readouts. 
b. 	 Use chemical and biological indicators in each cycle. 
c. 	 Use extra thermocouples when qualifying the sterilizer. 
Ethylene Oxide Sterilizing Mixture 
a. Vendor certification of each gas cylinder for: 
1. Percent ethylene oxide 
2. Percent Freon 
3. Percent water 
4. Concentration of noncompressible gases 
Flow Meter 
a. 	 Vendor certified and calibrated in accordance with the National Bureau of Standards or 
ASTM 
Gas Chromatograph 
a. Calibrated and certified in accordance with the vendor supplied operating instructions 
Gloves 
a. 	Must be leak checked before use or before sterilization (the leak check procedure
 
should be in accordance with NASA accepted procedures)
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Humidity Sensor 
a. 	Vendor certified and calibrated before and after use in accordance with the vendor­
supplied operating instructions 
Incubator
 
a. 	Vendor certified for temperature recovery and control 
b. Must be continually monitored for temperature, using a continuous recording device 
Isolator, Flexible/Rigid 
a. 	Must be leak checked before use as a sterile barrier 
b. 	Must be inspected daily to ensure the integrity of the barrier 
c. All attachments such as gloves must be leak tested before and after attachment. 
Leak Tester 
a. Must be used in accordance with the vendor-supplied operating instructions 
Limiting Orifice 
a. Must be certified by the vendor 
Manometers 
a. Must be calibrated in accordance with vendor recommended procedure 
Particle Counters 
a. 	 Must be certified periodically by the calibration laboratory 
b. Must be operated in accordance with vendor-supplied operating instructions
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Photocell, Ultraviolet 
a. 	Must be vendor certified 
Phototube, Ultraviolet 
a. Must be vendor certified 
pH Meter 
a. 	Must be certified by the vendor 
b. 	Must be checked daily when in use against known standards according to the
 
manufacturer's operating specification
 
Recorders
 
a. 	 Must be calibrated periodically in accordance with manufacturer's specifications 
Resistivity Meter 
a. 	Must be certified by the vendor 
b. 	Must be checked daily when in use in accordance with vendor operating
 
specifications
 
Reyniers Sampler 
a. 	Must be certified prior to use that slit opening meets vendor's operating procedure 
b. 	Timer must be certified. 
c. Gasket must be leak checked periodically. 
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Rodac Plates 
a. Must be certified to contain specified volume 
b. Must be certified to contain proper culture medium 
c. Must be sterility tested 
d. Must not be used if out-dated 
Stainless Steel Strips 
a. Must be certified as to type of stainless, gauge and size 
b. Must be certified for cleanliness 
c. Must be sterility-tested 
Temperature Recorders 
a. Must be certified by the vendor 
b. Must be calibrated according to National Bureau of Standards or ASTM 
Thermocouple 
a. Must be calibrated according to National Bureau of Standards or ASTM 
Thermometers 
a. Must be calibrated according to National Bureau of Standards or ASTM 
Timers, Reyniers 
a. Must be vendor certified 
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b. Must be calibrated according to National Bureau of Standards 
Ultrasonic Bath 
a. Must be certified by the vendor 
b. Must be tested in accordance with the manufacturer's operating specifications 
c. Must be evaluated using known biological samples 
Ultraviolet Lamp 
a. Must be certified by the vendor 
b. Must be tested with calibrated phototubes or phototubes or photocells 
Velometer 
a. Must be certified by the vendor 
b. Must be calibrated according to National Bureau of Standards 
Water Both 
a. Must be certified by the vendor 
b. Must be monitored by calibrated thermometers 
Water, Distilled 
a. Must be certified by the vendor 
b. Must be checked for purity using a calibrated resistivity meter 
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6.10.2.2 bxamln4ji of Dcetai Certification and Checkout Information 
6.10.2.2.1 Anaerobic Jars 
General:
 
All instructions and precautions recommended by the manufacturer should be observed.
 
(Reference: Baltimore Biological Laboratory, Division of B-D Laboratories, Inc., Baltimore,
 
Maryland 21204) 
a. 	 Place hydrogen/carbon dioxide generator into jar. Include a red-ox color indicator 
and a test organism sample consisting of Alcaligenes faecalis (aerobe) and 
Clostridium sporogrnes (anaerobe). 
b. 	 With all items in place, add 10 ml of water to the hydrogen/carbon oxide generator. 
Place the preheated cover (30 minutes) containing the electric catalyst in place. 
Tighten cover hand tight. 
c. 	 Allow reaction in anaerobic jar to run for 60 minutes at the end of 1 hour. Place 
anaerobic jar to run for 60 minutes at the end of 1 hour. Place anaerobic jars 
into incubator set at 32 0 C. 
d. 	 At the end of 24 hours, observe the color indicator if it has changed. The reaction 
has gone to completion. However, if the color indicator has not changed, open 
the anerobic jar and replace the catalyst (according to manufacturer's specification) 
and repeat the above steps. 
e. 	 If the color indicator has changed, incubate for 72 hours. At the end of this time 
period, remove the jars from the incubator and open them. If the streaked 
cultures of C. sporogenes have grown, anaerobic condition did exist in the jar 
during incubation. If the A. faecalis grew an aerobic condition existed in the jar. 
f. 	 To ensure the growth condition existing in the anaerobic jar at the time of 
incubation of the sample to be tested. Certification is required for every jar during 
every anaerobic incubation. If anaerobic condition does not exist in the jar, the 
samples tested must be discarded. 
Precaution: 
a. Pre-heat catalyst (covers) for 15 to 30 minutes. 
b. Heat anaerobic jars (catalyst) for 1 hour for completion of the reaction. 
c. Make sure covers are only hand tight so that glass jars do not crack. 
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d. 	 Make sure clamps on tubing-balloon safety expansion value are lossened. 
e. Always include fresh active growing cultures when testing. Do not rely solely on 
- the color indicator. 
f. 	 Store color indicators in the refrigerator when not in use and do not touch the pocket 
with the hands. (Follow manufacturer's specifications.) 
g. 	 Hydrogen is generated in the jars, use regular precautions that are used with 
hydrogen. 
All the functions and precautions are well presented by the manufacturer of the materials 
needed for the anaerobic jars. 
6.10.2.2.2 Andersen Sieve Air Sampler 
General:
 
All instructions and precautions by manufacturer should be observed (Reference: Andersen
 
Samplers and Consulting Service, 1074 Ash Avenue, Provo, Utah).
 
a. 	 Inspect all six stages for plugged holes in the pattern. 
b. 	 Check rate of vacuum pump to assure 1 CFM. 
c. 	 Install flow-meter down stream of sampler using tubing of recommended diameter. 
d. 	 Check gaskets between stages. 
e. 	 Assure the sample agar plates contain 27 + 1 ml of medium (necessary for proper 
surface impingement). 
f. 	 Assure that plates are the special glass petri dishes recommended by Andersen. 
g. 	 Certify sampler timer. 
P recautions: 
a. 	 Pour 27 + 1 ml of culture medium in sterile Andersen petri dish placed on level 
surface. 
b. 	 Never cover samples with wet petri dish cover, or use plate that has wet surface. 
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o. 	 Do not use vacuum tubing less than 5/16 inch (ID) or more than 6 feet long without 
checking flow rate in the sampling system. 
d. 	 Equilibrate prepared agar plates to room temperature (- 25 0 C), after storage in 
refrigerator, before using them for sampling. 
e. 	 Sterilize only the sieve sampler itself, not the vacuum pump. Spring clamps
 
should be released before sterilization.
 
f. 	 Always grasp sampler firmly when releasing or connecting spring clamps so as to 
avoid upsetting the stack of dishes under each sieve. 
g. 	 Do not overexpose sample to the air flow. The agar will dry and crack and give 
incorrect results (exposures of 15 minutes/saraplet are maximum). 
h. 	 Consult "Positive Hole Conversion Table" supplied with instructions when transforming 
colony forming units counted to correct for error. 
6.10.2.2.3 Autoclave 
General: All instructions and precautions recommended by the Manufacturer should be 
observed. (Reference: American Sterilizer Company, Erie, Pennsylvania) 
a. 	 Place liquid medium with an inoculation of a known level of bacteria. Place in 
autoclave as per manufacturer's recommendation. After treatment, observe sample 
for growth. Growth indicates improper sterilization cycle. 
b. 	 Use pressure-sensitive tape. If lines on tape change color as to manufacturer's 
specifications, autoclave has reached proper treatment pressure and temperature. 
c. 	 Check recording chart on sterilizer for proper temperature and time of treatment. 
d. 	 Install strategically located thermocouples to read actual temperature in the
 
autoclave chamber.
 
Precautions: 
a. 	 Remove steam vent plug screen and clean debris from pores of strainer. Located 
in the center front of sterilizer. 
b. 	 With "Operating Handle" at "Off," turn on steam supply line value. Line pressure 
should be a minimum of 50 psg. 
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c. 	 Sterilize only when "Jacket gauge" reads 15-17 psig. 
' 

, d. "Slow Oxhautl"f rop~ lt1tiu|dt 
e. 	 "Fast exhaust" for nonliquid samples without drying. 
f. 	 Fast exhaust and drying for materials that need dryihg. 
g. 	 Sterilize at 121°C, 15 lb pressure and 15 minutes. Follow manufacturer's 
instructions for items to be sterilized. 
h. 	 Do not open sterilizer on liquid cycle before the temperature is below 1000C. 
6.10.2.2.4 Cross Laminar Flow Clean Bench 
General:
 
All instructions and precautions recommended by the manufacturer should be observed.
 
a. 	 Federal Standard 209A 
b. NASA Standard NHB 5340.2 
2 
Precautions: 
a. 	 Check pre-f ilter frequently. Keep it clean and changed. This prolongs the life of 
the HEPA filter. 
b. 	 Turn on the bench (station) one hour before use to allow a thorough flushing of the 
work area. 
c. )onot place dirty items upstream of samples to be tested. 
d. 	 Wipe or wash working surfaces with a sporocidal solution before performing a 
microbial test. 
e. 	 Clean up any spilled material before carrying out any further procedures. 
6.10.2.2.5 Dry Heat Sterilizer (Oven) 
General:
 
All instructions and precautions recommended by the manufacturer should be oveerved.
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a. 	 Adjust the desired temperature with the aid of the manufacturer's procedures and 
instructions. 
b. 	 Calibrate the temperature of the oven by using a calibrated thermometer or thermo­
couple. 
c. 	 Treat for recommended time and temperature (no less than 170°C for 2 hours) 
d. 	 Perform sterility check on randomly selected items. 
Precautions: 
a. Allow sufficient warm-up time for the items to be sterilized. Slight overexposure 
to items that can be dry heat sterilized is not harmful. 
b. Do not try to sterilize heat-sensitive items. 
c. 	 Loosen caps on bottles or other containers before placing them in the dry heat 
sterilizer. 
d. 	 Do not use paper or "stick-on" labels when using dry heat. They burn and are 
difficult to remove. 
6.10.2.2.6 Reyniers Air Samplers 
General:
 
All instructions and precautions recommended by the manufacturer should be observed
 
(Reference: Procedure Pertaining to the Use of the Mechanical Interval Timer Slit
 
Sampler, Reyniers & Son, 3806 N. Ashland Avenue, Chicago, Illinois).
 
a. 	 Check width of slit opening 0. 006 in. 
b. 	 Sampling Rate 1 CFM 
c. 	 Wind timer, timer switch off 
d. 	 Flowmeter down stream of sampler 
e. 	 Inspect and clean slit opening. 
f. 	 Inspect gasket. 
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g. 	 lint, glhm pOtrl dlnh of ap1prtpriate agar. 
h. 	 Adjust height of slit above agar (2 to 3 mm). 
i. 	 Adjust vacuum to operate at 1 CFM. 
j. 	 Timer must be certified prior to sampling. 
Precautions­
a. 	 Sampler bottom containing the timer cannot be steam sterilized. 
b. 	 The sampler top need only be sterilized. 
c. 	 The sampler top need not be sterilized for consecutive samples. 
d. 	 Check all openings for leaks before sampling. 
6.10.2.2.7 Ultrasonic Bath 
General:
 
All instructions and precautions recommended by the manufacturer should be observed.
 
a. 	 The ultrasonic cleaner should be calibrated (preferably by a factory representative). 
b. 	 A quick check of the effective energy is to place a sheet of standard household 
aluminum foil on the bottom of the tank (if the transducers are on the bottom). 
Turn on the ultrasonic cleaner and observe the foil. If it erodes evenly, the 
energy is relatively equal throughout that area. If it is unequal, a qualified 
factory representative should be consuled. 
Precautions 
a. 	 When treating liquid sample, keep the caps loose to allow for outgassing of the 
sample. 
b. 	 Do not exceed the limitation or attempt to use the ultrasonic unit for a job for which 
it is not designed. 
a. 	 Ensure that the bath liquid level is one inch above that of the sample liquid level 
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d. 	'Thliintitiotlo l"lt-lt1 i4i w iL tho util t hi juld he reand Lh,11oughly hteft We tryitg t 
operate the ultrasonic cleaner. 
6.10.3 DOCUMENTATION 
Quality Assurance activity will indicate that the equipment has been certified by the use of a 
tag or stamp appropriately displayed on the item certified. 
A documentation form will also be maintained by Quality Assurance indicating: 
a. 	 The date the equipmont was last certified 
b. 	 The certifying agency 
c. 	 The critical parameters calibrated or tested 
d. 	 The Quality Assurance inspector who verified the certification 
6.11 RECEIVING INSPECTION OF MICROBIOLOGICAL MATERIALS 
This subsection covers, guidelines, and requirements to be used in a microbiological 
materials receiving inspection operation. It will assure that materials procured and stocked 
will meet the applicable quality documents. To provide this assurance, all received materials 
will be subjected to inspection and/or tests to assure conformance to the applicable require­
ments and standards. These inspection/tests will include visual, physical and chemical, 
and microbiological requirements. Some of these requirements will be met through vendor 
certification or detailed experiments carried out in the microbiological assay laboratory. All 
receiving inspection documentation such as test and inspection data, defect trends, failure 
data, and nonconforming material will be compiled in central data bank. 
6.11.1 IDENTIFICATION 
6.11.1.1 Objectives
 
The objectives of the identification task are;
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a. To control the identities of all microbiological laboratory supplies and materials 
which are received by Receiving Inspection. 
b. To identify that all shipments received meet the procurement request 
6.11. 1.2 Requirements
 
To accomplish these objectives the receiving inspection activity will:
 
a. 	 Maintain an inspection control stamp which will be identifiable as receiving inspection 
identification 
b. 	 Stamp all purchase orders and indicate the completeness and correctness, of the 
shipment received 
c. 	 Note any deviations of the procurement request on an "Inspection Data Report" which 
will be entered into a central data bank 
SI 6.11.2 VISUAL ANALYSIS 
6.11.2. 1 Objectives
 
The objectives of the visual analysis task is to assure:
 
a. 	 That all incoming microbiological supplies arrive with no physical change 
b. 	 That all packages and materials marked "sterile" are properly sealed 
c. 	 That all items are properly identified 
6.11.2.2 Requirements
 
To accomplish these objectives the receiving activity will:
 
a. 	 Maintain an inspection control stamp which will be identifiable as receiving inspec­
tion visual analysis 
b. 	 Stamp all materials following inspection 
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c. Visually inspect all sealed containers and verify that all packages marked STERILE 
have not been opened. 
d. Verify that "tamper proof" seals are intact. 
e. Visually inspect all materials and supplies for improper handling. 
f. Verify that any required vender certification accompany the materials. 
g. Submit "Visual Analysis Nonconformance Report" to central data bank. 
Procedures will be established for handling material which has been damaged, contaminated, 
or suspected of being contaminated. 
6,11.3 PHYSICAL AND CHEMICAL PROPERTIES ANALYSIS 
6.11.3.1 Objectives 
The objective of the physical and chemical properties analysis receiving inspection activity 
is to assure that the materials received conform with the applicable quality documents. 
6.11.3.2 	 Requirements 
To accomplish these objectives, vender certification will be required on all necessary 
microbiological laboratory supplies and materials. Ipspection will only be of a visual analysis 
nature to verify that the necessary vender-supplied documents accompany the materials 
6.11.4 MICROBIOLOGICAL ANALYSIS 
6.11.4.1 Objectives 
The objectives of the microbiological analysis of the receiving inspection activity will be to 
assure that microbiological laboratory supplies and materials received conform to the 
applicable quality documents. 
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6.11.4.2 Requirements 
To accomplish these objectives, random supplies will be selected from the materials and 
will be certified for sterility, viability, or ability to support growth through extensive labor­
atory experiments. Acceptibility and Nonconformance Reports will be submitted to the central 
data bank. 
6.12 DATA AND REPORT REQUIREMENTS 
6.12.1 OBJECTIVES
 
A system of data gathering, storage and reporting will be established to assure that all test
 
data and results are available and disseminated to all interested parties using the most rapid
 
practical means available.
 
6.12.2 REQUIREMENTS
 
A system of data gathering, storage, and dissemination shall be established to assure that:
 
a. 	 The status of each microbiological assay is available 
b. 	 The latest test procedures (SOP's) are available for the assay 
c. 	 The necessary people are cognizant to the test results in a timely and efficient manner 
d. 	 Pertinent data is available for all of the microbiological assays and that such data 
may be extracted, reduced or summarized at a later date 
e. 	 The microbiological history is maintained on all assayed hardware items 
f. 	 Significant data is available for microbial burden assessment, reliability and
 
microbiological analysis
 
g. 	 Timely and effective feedback to the Sterility Control Board, NASA Planetary 
Quarantine Officer, and cognizant engineering groups through the Data System. 
The 	system devised for the above shall be consistent with the following requirements: 
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a. 	 A log containing pertinent data on each microbiological assay will be maintained by 
the microbiological testing group. 
b. 	 Maximum use will be made of the integrated data sorage and retrieval system for 
the storage and dissemination of data. 
c. 	Data requirements will be coordinated with all data users. 
d. 	 The number of forms and reports required for processing items will be minimized by 
coordinating needs with other groups. 
e. 	 The system used will be consistent with the overall Integrated data storage and 
retrieval plan with regard to format and coding as required by the Data System 
(Section 2. 10). 
f. 	 All data and reports will be available for review by the Steillity Control Board and/ 
or the NASA Planetary Quarantine Officer upon request. 
6.12.3 DATA CATEGORIES 
The 	data falls into two general categories, test data and inspection data. 
6.12.3.1 Test Data 
The test data consists of that information which is collected by the microbiological group 
relevant to microbiological assays. This data will be collected from two general sources: 
(1) 	 the intramural environment and the personnel to which the test item will be exposed and 
(2) 	 the hardware itself. All information will be recorded on standard data forms. 
6.12.3.1.1 Environmental and Personnel Data 
Data should be collected from all the major parameters of the test environment. The intra­
mural environment should be sampled for airborne microbial particulates, contamination 
which accumulates on surfaces, as well as support equipment and hardware, tools and 
personnel who will be working in the facility. 
6.12.3.1.2 Hardware Data 
Data should be collected from all hardware, including piece parts, subsystems, and vehicles. 
The piece parts should be assayed for total count. Large items such as systems will only 
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be fraationally sampled over a relatively small portion of the total Item. A sufficient aim­
bar of samples will have to be taken to ensure statistically significant data. A sampling 
plan for specific hardware will be written before any testing. The raw data will be reduced 
into usable form and put into the data bank and ultimately into a computer mah model. 
6.12.8.1.3 Microbiological Data 
The raw data should be collected and recorded on standard data sheets (see Appendix A. 
Figures A-1 throughA-15)Microorganisms should be differentiated between aerobic 
and anaerobic forms and between vegetative cells and spores. Colony counts should be 
made at 24, 48 and 72 hours -5 hours. These counts should be reported in colony forming 
units, unit area, or unit volume. A colony forming unit will be considered to be a least 
one viable microorganism. 
The supplementary data should be collected and recorded on standard data forms (see 
Appendix Figures A-7 through A-15). The following information should be included in 
this category: 
a. Title of microbiological assay 
b. Date 
c. Facility 
d. Sample technique and description 
e. Sterility check on all necessary supplies and equipment 
f. Verification that all utilized equipment was prepaied accordinglto applicable SOP's 
J g. Verification of all sample treatments 
h. Time in which assay was carried out * 
I. Incubation condition (temperature, aerobic and-anaerobie) 
J. Verification of anaerobic incubation conditions (if applicable) 
_k. Sample code and identification 
# 1. Signed off by the performing technician, supervising microbiologist apd 4iality 
Assurance Surveillance % 
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Figure A-16 presents a flow chart illustrating the procedure for data reduction. 
6.12.3.2 Inspection Data 
The inspection data consists of that information which is collected by the quality surveillance 
group relevant to microbiological assays. 
6.12.3.2.1 Check Lists 
6.12.3.2. 1.1 General Guidelines This section is for the guidance of Quality Assurance 
management and supervision to assure that Quality Assurance procedures and directives 
provide adequate guidance to Quality Assurance personnel on the microbiology requirements 
and assure that Quality Assurance supervision is monitoring activities for compliance with 
Microbial Contamination Control standards and requirements. 
a. Have Quality Assurance supervision, Inspection and audit personnel received 
and completed Sterilization and Microbial Contamination Control indoctrination 
and training? 
b. Have copies of applicable Sterilization and Microbial Contamination Control docu­
ments been made available to Quality Assurance personnel? 
c. 	 Are standardized reporting forms being utilized by Quality,Assurance? 
d. 	 Have interface communication channels between Microbiology and Quality Assurance 
been established and have responsible personnel been designated? 
e. 	 Do Quality Assurance procedures and manuals establish requirements, reporting 
channels and methods for microbiological coiamination control? 
f. 	 Are all events or incidents of contamination affecting the microbiological burden of 
major end items being recorded, reported an corrected in coordination with 
microbiologists and NASA Planetary Quarantine officers? 
g. 	 Are Quality Assurance personnel preparing Problem Action Records (PAR) on 
actual potential contamination problems, conditions, or deviations in procedures ? 
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h. Ar periodic MurveyM of mafututuriJlg 
contamination problems or conditions? 
Wn test folilitlos being m"o for poential 
i. Is Quality Assurance participating in a 
Sterility Control Group? 
Contamination Control Review Board or 
J. 	 Are separate corrective action lists of microbiological items requiring corrective 
action being maintained and coordinated with the microbiologists aW NASA Plane, 
tary Quarantine officer? 
k. 	 Are potential microbiological contamination problems being emphasized In manage­
ment staff meetings and work scheduling meeting? 
1. 	 Are contamination briefings of Quality Assurance personnel being conducted period­
ically ? 
6.12.3.2.1.2 General Requirements - Checklists are working aids for Quality Assurance 
procedures and personnel involved in a spacecraft sterilization program. They are specif­
ically designed for use by Quality personnel to assure that sterilization requirement stand­
ards and criteria are considered and emphasized during Quality Assurance inspection and 
audits. 
The 	purpose of such checklists is to aid in the prevention of contamination violations, 
resulting in deposition of microorganisms on hardware to be sterilized aS well as to assure 
that microbiological test procedures are performed according to previously established 
These check lists have been designed to emphasize attention to microbiology con-SOP's. 
tamination control standards and critierta during procurement, manufacture, testing, 
It is intended for use by Quality Control personnel aspackaging, storage and transport. 

they perform their normal function on a program and should be supplemented by additional
 
control requirements as necessary for application in conjunction with normal inspection
 
functions.
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Chookltstu slsuld he prepared by Quality Anturanca inspoction for all microbtologically 
oriented procedures. These will follow the standard operating procedures which are written 
by the microbiology group. 
Activities which should be monitored using Quality Assurance checklists include: 
a. Sampling of all laboratory materials 
b. Clean room dressing procedure 
c. Decontamination processes 
1. Applicable laboratory supplies and equipment 
2. Assembly tools 
3. Subassembly units 
d. All assembly operations; 
1. Microbiological sampling 
2. Laboratory techniques 
3. All normal activity 
e. Microbiological samples for statistical requirements 
1. Stainless steel coupon allotment 
2. Swab samples 
3. Hardware items 
4. Air samples 
6.12.3.2.2 Procurement Checklists 
This section provides guidance for Quality Assurance personnel engaged In plaming and 
monitoring of procurement functions on a sterilization program. It includes monitoring of 
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procurement specification and subcontractor or vendor activities for compliance with the 
Program microbiological requirements. 
a. Have microbiological requirements been considered during source selection 
inspections? 
b. Are procurement specifications being reviewed for microbiological requirements, 
standards, and criteria? 
c. Have reporting forms or procedures been established for reporting of microbial 
contamination levels from vendor plants? 
d. Are vendor products being inspected for compliance with end item microbial 
contamination levels? 
e. 	 Are vendor storage, handling and packaging procedures reviewed for microbial 
burden requirements? 
f. 	 Is packaging of products periodically inspected for microbiological integrity to 
prevent contamination of the parts? 
g. 	 Are contaminated materials promptly reported to the microbiologist and NASA 
Planetary Quarantine Officer? 
h. 	 Are process specifications for cleaning, handling, decontamination and storage of 
parts reviewed for microbiology requirements? 
6.12.3.2.3 Facilities Checklists 
This section provides guidelines for the inspection and control of any facility in which bio­
clean hardware is being handled. The facilities should be constantly monitored by Quality 
Assurance personnel. 
a. 	 Are all test facilities (clean rooms) contamination control devices adequate and 
operational? 
b. 	 Are tests being conducted within facility activity design limits? 
c. Are there adequate safeguards to prevent excessive contamination of the facility 
either through personnel or equipment failure? 
d, 	 Are procedures available for test or manufacture shut-down if any facilities fall? 
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e. 	 Are there defined contamination limits which yield facility failure? 
f. 	 Are the different processes which are carried out in the same facility compatible from 
the comtamination control aspect? 
g. 	 Is the facility controlled to ensure that only authorized personnel are admitted into 
the controlled areas? 
h. 	 Are the minimum recommended tests for microbial load conducted on schedule? 
i. 	 Does the facility have adequate housekeeping procedures? 
J. 	 Are there positive cleanliness controls on hardware and materials being brought into 
work areas? 
k. 	 Are procedures used for control of cleaned, decontaminated or sterilized
 
parts adequate?
 
1. 	 Are all critical personnel certified to participate in a Planetary Quarantine/Space­
craft Sterilization Program? 
m. 	 Are adequate safety measures taken in clean rooms? 
6.12.3.2.4 Operations Control Check Lists 
This section provides general guidelines related to methods, practices and procedures for 
control of comtamination for all operations. Quality Assurance personnel will observe all 
operations and submit reports to Quality Assurance supervisior, microbiology, Sterility 
Control Group and NASA Planetary Quarantine Officer. 
a. 	 Has supervisory responsibility for conduct of operation been clearly designated? 
b. 	 Are tests performed in accordance with written and approved standard operation 
procedures?
 
c. 	 Is all unplanned work being adequately documented? 
d. 	 Are supplementary personnel (i.e., janitorial, safety and security) properly
 
indoctrinated on contamination control and clean room procedures?
 
e. 	 Have provisions been made for assuring information transfer during shift changes? 
f. 	 Are personnel required to work eXCessive overtime (more than 12 hours continuous 
or more than 18 hours in a 24-hour period)? 
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g, Do personnel follow written test procedures? 
h. Are deviations from test procedures documented? 
I. Is unnecessary equipment prohibited from entering the controlled facility? 
3. Does approval of test procedures include microbiology and engineering? 
6.12.3.2.5 Transportation and Handling Checklists 
This section provides general guidelines for handling, packaging and transportation of con­
tamination controlled hardware. Quality Assurance personnel should monitor all these 
activities. 
a. 
b. 
Is each transportation and handling operation governed by specific written 
procedures? 
Is the integrity of the packaging barrier (microbial-barrier) monitored during 
and following handling and transportation? 
6.12.3.3 Acceptance Daa
 
All acceptance data collected by Quality Assurance will be appropriately indicated on the
 
microbiological assay data sheets. This may be accomplished by a stamp or signature of
 
the Quality Assurance inspector.
 
6.12.4 DATA CODING
 
6.12.4.1 Objectives
 
The objective of data coding is to supply all the information necessary to identify a sample
 
If it has been removed from the context of the data book.
 
6.12.4.2 Requirements
 
The requirements for adequate data coding and identification are twofold:
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a. Data Master Code Book - A data master code book must be kept separate from the 
data book. This master code book will have listed in it every microbiological assay
performed by the microbiological group. It will contain the following information: 
1. 	 The date of the assay and assay number 
2. 	 The sampling technique used 
3. 	 The Item assayed 
4. 	 The number of assays performed on that Item and their codes 
5. 	 Name of the microbiologist who performed the assay 
b. 	 Data Book Coding - The data book will be arranged so that each individual sample 
has a single page on which all colony counts will be recorded. The additional coding 
on the data page will consist of the following: 
1. 	 Assay number or designation 
2. 	 Sample dilution 
3. 	 Sample incubation conditions (aerobic or anaerobic) 
4. 	 The type of microbial cells (vegetative, spores), (bacteria, or fungi) 
5. 	 The actual colony counts (24, 48 and 72 hours) 
6.12.4.3 Data Formats 
The objective of the data format is to allow input into a computer for either data storage or 
analysis. The format will be dependent of the computer system used. 
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APPENDIX A
 
TYPICAL DATA SHEETS
 
ANDERSEN SAMPLER DATA SlEET 
FACILITY: 	 DATE: -.. 
EXPERIMENTER: (INITIAL) 
TYPE OF INCUBATION: AEROBIC 32°C CO-SIGNER:(INITIAL) DATE: 
INCUBATI TI - Z4 HRS. 48 Is. 72 HRS. 
€ 
CORRECTED COUNT VIABLE PARTICLES 
-(ANDERSEN R 
~CONVERSION 	 FT.lYEOP 	 TABLE) AIR 
NICROORCANISM ~ ~ £ ' 
CODE 	 STAGE 
A-I 77 
-2 
-3 N
 
-4
 
- 5 
-6 
TOTAL
 
B-I 
-2
 
-3
 
-4 	 N 
C-1
 
_________ 	 ~~~TOTAL __________ __________ 
-4
 
~-6 
TO IICOLUMN 

TIME O1 'lttb\tION: A - ON: OFF: _ TOTAL TIME: MIN.
 
B - ON: OFF: TOTAL TIME: MIN.
 
(R',vIs,d 9/16) 	 C - ON: OFF: TOTAl, TIME: MIN. 
Figure 	A-1. Andersen Sampler Data aieet 
- 5 
A-1 
_ _ _ __ _ 
FACILITY: 
TYPE OF INCUBATION: 
INCUBATION TIME 
TYPE OF 

MICROORGANISM
 
CODE STAGE
 
D-I
 
~-2 
-3 
________ -4 
-6 
COLUMN KEY 
TIME OF OPERATION: 
COMMENTS: 
(Rtvi std 9/68) 
Figure A-2. 
ANDERSEN SAMPLER DATA SHEET 
DATE: 
EXPERIMENTER:
 
CO-SIGNER:
 
ANAEROBIC 32 C DATE:
 
72 HOURS 
CORRECTED COUNT VIABLE PARTICLES 
BACTERIA 
(ANDERSEN 
CONVERSION TABLE) 
PER 
FT.3 AIR 
TOTAL 
R 
U - ON: OFF: TOTAL TIME: lMN. 
Andersen Sampler Data Sheet 
A-2 
FALLOUT PLATES - DATA SHEET
 
FACILITY: DATE:
 
EXPERIMENTER:
 
CO-SIGNER: 
DATE: 
TIME OF EXPOSURE: OPEN: CLOSED: TOTAL TIME: MlN.
 
ANAERO. 
INCUBATION TIME 24 HOURS 48 HOURS 72 HOIRS 72 HOURS 
TYPE OF INCUBATION AEROBIC 
TYPE OF 
MICROORGANISMS BACTERIA MOLDS BACTERIA MOLDS BACTERIA MOLDS BACTERIA 
AREA CODE
 
(LOCATION)
 
(Rvised 9/68) 
Figure A-3. Fallout Plates - Data Sheet 
A-3 
RENIERS SAMPLER DATA SHEET 
NOTE
 
(1) 24 hour counts are recorded in the inner circle.
 
(2) 48 hour counts are recorded in the middle circle.
 
(3) 72 hour counts are recorded in the outer cirtle.
 
0 
45 55 
355
 
30 
DATE: EXPERIMENTER: 
(1) FACILITY: 
(2) TIME OF OPERATION - ON: 
SAMPLE INCUBATION: AEROBIC 
RIIIARKS: 
OFF: 
TEMPERATURE! 
TOTAL TIME: 
320 C 
A-4 
(Rmvi Nd 9/68) 
Figure A-4. Reyniers Sampler - Data Sheet 
RODAC PLATE SAMPLES OF ENVIRONNENTAL SURFACES 
DATA SHEET 
DATE:FACILITY: 
EXPERIMENTER (INITIAL): 
CO-SIGNER (INITIAL): DATE:
 
TYPE OF INCUBATION AEROBIC ANAEROBIC
 
INCUBATION TIME 24 HOURS 72 HOURS 72 HOURS
 
TYPE OF MICROORGANISMS BACTERIA MOLDS BACTERIA MOLDS BACTERIA
 
WORK AREA SAMPLFD CODE
 
COLUMN KEY a b C d 
(Rvised 9/68) 
Figure A-5. Rodac Plate Samples of Environmental Surfaces Data Sheet 
A-5 
STAINLESS STEEL STRIP SANPLING - DATA SHEET
 
DATE:
 
EXPERIMENTER: (INITIAL)
 
CO-SIGNER: (INITIAL)
 
DATE:
 
STAINLESS STEEL STRIP NUMBER; 
NON-HEAT SHOCK SAMPLES HEAT SHOCK SAMPLES
 
INCUBATION AEROBIC ANAEROBIC AEROBIC ANAEROBIC
 
CONDITIONS
 
FIRST SECOND THIRD FOURTH FIFTH SIXTH SEVENTH EIGHTH 
SAMPLE STRIP 5 ml 5 ml 5 ml 5 M1 5 M1 5 M1 5 ml 5 ml 
w w w wVISIBLE TYPE OF 

MICROORGANISMS 

-e 
24 MRS. 
48 MRs. 
Z 72 HRS. 
COLUMN KEY a b d e f £ .1 _ 
(Revised 9/68)
 
Figure A-6. Stainless Steel Strip Sampling Data Sheet 
SWAB SAMPLE DATA SHEET 
FACILITY: DATE: EXPERIMENTER (INITIAL): 
CO-SIGNER (INITIAL): 
DATE: 
INCUBATION CONDITIONS 
ALIQUOT 
INCUBATION TIME 24 HRS. 
NON-HEAT SHOCK 
AEROBIC 
1st I ml 
48 HRS. 72 HI-S. 
AVAERO  
2nd iml 
72 HRS. 
I HEAT SHOCK 
AEROBIC ANAERO. 
3rd 1 ml 4th Iml 
24 HRS. 48 fiRS 72 HRS. 72 FHRS. 
VISIBLE TYPE OF 
MICROORGANISMS 
C 
0 
0 
S- z 
-: 
4 
H 
SAMPLE CODE 
COLUMN KEY a b c d e £ .1 £ 
> (Revised 9/68) 
-F Figue A-7. Swab Sample Data Sheet 
TITLE: Intermittent 'nlumetric Intramural Air Sample - DATE: 
Andersen S m, r 
FACILITY: 
SAMPLE DURATION: 
DATE 	 TESTED CHECK INITIAL 
1. 	Verify the following Sterility Qualification
 
tests.
 
(1) 	 Andersen Plates
 
II. 	Verify the following equipment prepared
 
according to specific SOP's.
 
(1) 	Clean Bench - SOP #48
 
(2) 	Andersen Plates - SOP #19 
(3) 	Andersen Sampler - SOP #28 
(4) 	Aerobic Incubator - SOP #34 
(5) Anaerobic Incubator - SOP #35
 
I11. Verify the following treatments
 
(1) 	Samples taken according to SOP #9
 
(2) 	Incubation Temperaturv
 
6 TIME °C
 
24 HOURS 	 °c 
48 hOURS 0C
 
72 HOURS °C
 
(3) 	Anaerobic Incubation Condition
 
Chemical Indicator
 
24 Hours White ( ) Blue ( )
 
72 Hours White ( ) Blue 
(Itevi ', 9/68) 
Figure A-9. Intermittant Volumetric Intramural Air Sample - Andersen Sampler (Sbeet 1 of 2) 
A-9 
'T111X; Ijj ,,I 
Andti-rsn 
atViiiitLE 
S _Lt 
iii g il I All An.r1. DIATE: ______ 
Microbial Indicators 
Alcalienes faecalis 
72 HOURS + ( ) - ( 
Clostridit SpoTogones 
72 HOURS 4 ( ) - ( 
+ - Crowt h 
- - No Growth 
COMMIENTS: 
) 
DATE TESTED CHECK INITAT. 
TECHNICIAN: 
MICROBIOLOGIST: 
Q/A SURVEILLANCE: 
DATE: 
DATE: 
DATE: 
(Rvlsvd 9/68)
 
'igure A-8, Intermittant Volumetric Intramural Air Sample-Andersen Sampler (Sheet 2 of 2)
 
A-9 
TITLE: Gravimetric Air Sample - Agar Fallout Plates DATE; 
FACILITY: 
SAMPLE DURATION: 
DATE TESTED CHECK INITIAL 
I. Verify the following Sterility Qualification 
tests. 
(I) Agar Fallout Plates 
I1. Verify the following equipment prepared 
according to specific SOP's. 
(1) Clean Bench - SOP #48 
(2) Fallout Plates - SOP #11 
(3) Aerobic Incubator - SOP #34 
(4) Anaerobic Incubator - SOP #35 
III. Verify the following treatments. 
(1) Samples taken according to SOP #1 
(2) Incubator Temperatures 
0 T2IE 0°C 
24 HOURS 0°C 
48 HOURS °C 
72 HOURS °c 
(3) Ana,.robic Incubation Conditions 
Chtmica I Indicat( r 
24 HOURS White ( ) Blue ( 
72 IIOURS White ( ) Blue ( 
(Rt'vicd 9/68) 
Figure A-9 . Gravimetric Air Sample - Agar Fallout Plates (Sheet 1 of 2) 
A-10 
TITLE: CravinwiLrIc Air Sample - Aar Fallout Plates PACE 2 
DATE TESTED CHECK INITIAL 
Microbiological Indication 
Alcaligenes faecal is 
72 HOURS + ( ) - ( ) 
Clostridium sporogenes 
72 HOURS +< ) ( ) 
+ = Growth 
- - No Growth 
COMMENTS: 
TECINICIAN: 
MICROBIOLOGIST: 
Q/A SURVETLLANCE: 
DATE: 
DATE: 
DATE: 
(Rvvisvd 9/68) 
Figure A-9. Gravimetric Air Sample - Agar Fallout Plates (Sheet 2 of 2) 
A-l 
TTILE: SequentLa Vohlmetric Intramural Air Sample - DATE: 
Reyniers Snmler 
FACILITY: 
SAMPLE DURATION: 
DATE TESTED CHECK INITIAL 
I. Verify the following Sterility 
Qualification Tests: 
(1) Reyniers Plates 
II. Verify the following equipment prepared 
according to specific SOP's. 
(1) Clean Bench - SOP #48 
(2) Reynders Plates - SOP #21 
(3) Reyniers Sampler - SOP #29 
(4) Aerobic Incubator- SOP #34 
III. Verify the following treatments. 
(I) Samples taken according to SOP #8 
(2) Aerobic Incubation Temperature 
0 TIME °C 
24 HOURS °C 
48 HOURS °C 
72 HOURS _.C 
COMM4ENTS: 
TECIINICIAN: DATE: 
HICROBIOLOCI ST: DATE: 
Q/A SURVEILLANCE: DATE: 
(IHtvised 9/68) 
Figure*A-I0. Sequential Volumetric Intramural Air Sample - Reyniers Sampler 
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TITLE: Rodan Platt- amptini. of Environmental Surfaces DATE:
 
FACILITY:
 
DATE 	TESTED CHECK INITIAL
 
I. 	Verify the following Sterility Qualification
 
Tests.
 
(1) 	 Rodac Plates 
II. 	 Verify the following equipment prepared
 
according to specific SOP's.
 
(1) 	Aerobic Incubator - SOP #34
 
(2) Anaerobic Incubator - SOP #35
 
Ill. Verify the following treatments.
 
(1) 	Samples taken according to SOP #6.
 
(2) 	Samples held between 25 and 35°C.
 
(3) 	Samples incubated within hours
 
after collection:
 
Incubation Time:
 
Collection Time:
 
Difference:
 
(4) 	Incubation Temperature
 
0 TIME °c
 
24 HOURS °C
 
72 HOURS 	 ° C
 
(5) 	Anaerobic Incubation Conditions
 
Chemical Indicator - 24 flOURS
 
White ( ) Blue ( )
 
72 HOURS
 
White ( ) Blue (
 
(Revised 9/68)
 
Figur A-11. Rodac Plate Sampling of Environmental Surfaces (Sheet l of 2)
 
A-13 
TITLE: Rodac Plate Snmpling of Environmental Surfaces PAGE 2 
Microbial Indicator 
Alcaliienes faecalis - 72 HOURS 
ClostridwiLjsrPogenes 
+ ( - ( ) 
+ = Growth 
- - No Growth 
COIENTS: 
- 72 HOURS 
TECiNICIAN: 
MICROBIOLOGIST: 
Q/A SURVEILLANCE: 
DATE: 
DATE: 
DATE: 
(Revised 9/68) 
Figure A-11. Rodac Plate Sampling of Environmental Surfaces (Sheet 2 of 2) 
A-14 
TTLf.E StajInLesI cr1Scrij SAmltiou KrhlvirQ"nwj DATE: ______ 
FACILITY: 
SAMPLE DURATION: 
STRIP TYPE: (Circle One) 16 Gauge 23 Gauge 
DATE TESTED CHECK INITIAL 
I. Verify the following Sterility Qualification 
Tests: 
(1) Forceps 
(2) Sample Bottles 
(3) Peptone Water 
II. Verify the following equipment prepared 
according to specific SOP's. 
(I) Clean Bench - SOP #48 
(2) Ultrasonic Cleaner - SOP 026 
(3) Heat Shock Water Bath - SOP #63 
(4) Aerobic Incubator - SOP #34 
(5) Anaerobic Incubator - SOP #35 
III. Verify the following treatments. 
(1) Samples removed from trays according to 
SOP #61. 
(2) Samples held between 25 and 35 C. 
(3) Ultrasonic treatment for 2 minutes. 
(4) Heat shock treatment 25 ml 
for 20 minutes. 
- 80 +2°C 
-J 
(Revisod 9/68) 
Figure A-12, Stainless Steel Strip Sampling-Environmental (Sheet 1 of 3) 
A-15 
TITLE: Stall tcs Sirpi St rip Sampl ng - EnvironmentaI PAcE 2 
DATE 	TESTED CIIEC INITIAL
 
(5) 	Samples assayed within hours
 
after collection.
 
Assay Completion Time:
 
Collection Time:
 
Difference:
 
(6) 	Incubation Temperature
 
0 TIME 
 0C
 
24 HOURS 
 0C
 
48 HOURS 
 0C
 
72 HOURS OC
 
(7) 	Anaerobic Incubation Conditions
 
Chemical Indicator
 
24 HOURS Whitt, ( ) Blue ( )
 
72 HOURS White( ) Blue (
 
Microbial Indicator
 
Alcaligenes faecalis
 
72 HOURS + ( ) -

Clostridium sporogenes
 
72 HOURS + ( ) 
+ = Growth
 
- - No Growth
 
TRAY LOCATION:
 
STRIP NUMBERS:
 
(Revised 9/68) 
Figure A-12. Stainless Steep Strip Sampling-Environmental (Sheet 2 of 3) 
A-16 
TITLE: Statnlt'a Htul Strip SimipItn - i-1vtrinmental PACE 3 
TRAY LOCATION: 
STRIP NUMBERS: 
TRAY LOCATION: 
STRIP NUMBERS: 
TRAY LOCATION: 
STRIP NUMBERS: 
COHIENTS: 
TECH ICIAN* 
MICROBIOLOGIST: 
Q/A SURVEILLANCE: 
DATE: 
DATE: 
DATE: 
(HLvvistd 9/68) 
A-12. Stainless Steel Strip Sampling-Environmental (Sheet 3 of 3)jFigure 
A-17 
TITLE: Stainless Steel Strip Sampling DATE: 
HARDWARE: 
SAMPLE TREAThENT: 
STRIP TYPE: (Circle One) 16 Gauge 23 Gauge 
DATE TESTED CHECK INITIAL 
I. Verify the following Sterility 
Qualification Tests: 
(1) Forceps 
(2) Sample Bottles 
(3) Peptone Water 
IT. Verify the following equipment 
prepared according to specific 
SOP's, 
(1) Clean Bench - SOP #48 
(2) Ultrasonic Cleaner - SOP #26 
(3) Heat Shock Water Bath - SOP #63 
(4) Aerobic Incubator - SOP 034 
(5) Anaerobic Incubator - SOP #35 
III. Verify the following treatments: 
(1) Samples removed from hardware 
according to SOP #60. 
(2) Samples hold between 25 and 35 C 
(3) Ultrasonic treatment for 2 minutes 
(4) Heat shock treatment 25 ml 
for 20 minutes. 
- 80 +2°C 
(Reviscd 9/&8) 
Figure A-13. Stainless Steel Strip Sampling (Sheet 1 of 3) 
A-18 
TITLE: InaI,) ti!i~ Sf It jt tii PAGE 2 
(5) Samples assayed within 
after collection. 
- hours 
DATE TESTED CHECK INITIAL 
Assay Completion Time: 
Collection Time: 
Difference: 
(6) Incubation Temperature 
0 TIME 0C 
24 HOURS 
48 HOURS 
oC 
Coc 
72 HOURS °C 
(7) Anaerobic Incubation Conditions 
Chemical Indicator 
24 HOURS White( ) 
72 HOURS White( ) 
Microbial Indicator 
Blue ( 
Blue ) 
Alcaligenes faecalis 
72 HOURS + ( ) 
Clostridium sporogenvs 
72 HOURS + ( ) 
- ) 
) 
+ 
-
(,rowth 
, Growth 
HARDWARE : 
STRIP NUIIBERS: 
(Revised 9168) 
Figure A-13 Stainless Steel Strip Sampling (Sheet 2 of 3) 
A-19 
TITL[: Stain| 'n Si ek Sri a n 
 PAGE 3
 
COMENTS:
 
TEC1NICTAN: DATE: 
HICROBIOLOGIST: DATE: 
Q/A SURVEILLANCE: DATE: 
(Revi sd 9/68) 
Figun? A- 1: Stainless Steel Strip Sampling (Sheet 3 of 3) 
A-20 
TIIhE: Swtl .in.-flmph o Sourf wcs DATE; 
FACILITY: 
DATE TFSTED CHECK INITIAL 
I. Verify the 
Tests. 
following Sterility Qualification 
(1) Swabs 
(2) 5 ml of 17 Peptone 
It. Verify the following equipment prepared according 
to specific SOP's. 
(1) Clean Bench - SOP #48 
(2) Ultrasonic Cleaner - SOP #26 
(3) Heat Shock Bath - SOP #63 
(4) Aerobic Incubator - SOP #34 
(5) Anaerobic Incubator - SOP #35 
Il. Verify thc lollowing tr,,atments. 
(1) Sampl's taken iccording to SOP #7. 
(2) 
(3) 
Ultrasonic 
Heat Shock 
treatment 
Treatm(.nL 
for 2 minuLes. 
- 80 0 C *20C for 20 rin. 
(4) Samples assayed 
collection. 
with Hours after 
Assay Comple-tion Tim: 
Coll ect ion Time: 
Dii fori~nce: _________ 
(5) In( ub~ i on Tl'mprat ur, 
0 TIME 0C 
211 IIOUiS°C, 
48 
72 
HOURS 
I101M.1 
_C 
°C 
(Rcvi stid 9/68) 
FiguireA-14, Swab Rinse Samples of Surfaces (Sheet 1 of 2) 
A-21 
DATE TESTED CI IFCK I N T Al. 
(6) Anaerobic Incubation Conditions 
Chemical Indicator 
24 HOURS WHITE ( ) BLUE ( ) 
72 HOURS WHITE ( ) BLUE ( ) 
Microbial Indicator 
Alcaligenes fac'alis 
72 HOURS + ( ) - ( ) 
Clostridium sporogvn.s 
72 HOURS 4 ( ) ( 
4 = Crowth 
- = No (rowth 
COWENTS: 
TECHNICIAN: DATE: 
Ml CROB] OLOGIST: DAT E: 
Q/A StIRVIILLANCE: DATE: 
(04,vim-d t)/(08) 
FigureA-14. Swab Rinse Samples of Surfaces (Sheet 2 of 2) 
A-22 
7 
RAW DATA 

STANDARD DATA 

RECORDING FORMS 

(COLONY FORMING UNITS) 

DETAILED STATISTICAL 

ANALYSIS 

INPUT INTO
 
THE C% PUTER
 
MATH MODEL
 
CHOOSE MOST
 
SIGNIFICANT COUNT 

72 HOUR COUNT OR HIGHEST 

RELIABLE COUNT
 
zI 
BASIC STATISTICAL 

ANALYSIS 

MULTIPLY BY ANY
 
DILUTION FACTOR
 
IPLY BY AREA CONT-FSON
 
IGURES To IVENA? A
M
T_
STANDRDST ARREA 
 A
STANDARD AREA SAMPLE: -4 
Figure A-15. Flow Chart for Data Reduction 
